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PREFACE 


This litlk book forms Part II of Phjsicc/l Science 

‘Wntteii primauly foi the young students preparing 
for the Matriculation and School Leavieg Certificate 
Evamntations of the University cf the Parjab. 

Chemistiy is essentiilly an experimental science ; an 
endeavour, theiefjie, has been made throughout the 
hook to include the largest number of simple experi- 
ments (one hundred and thirty-three) which can easily 
be pciformed by the teacher in the classroom or by 
the student hmisdf with very little of special apparatus. 
The subject matter has been piesented m a simple* 
and systematic manner. Indian names of ceitain 
substances and indigenous methods of their pieparation 
have been given wherever possible. At the ,end of 

each chapter has been added a summary of the mam 

points di£LU<;pccl iti It TO as to help to fix on the 
tnemoiV the chief facts of ti,e lesson. 


^ It IS hoped" that the boot be found useful 
by those for whom it is Suggestions and 

criticisms for the iraprovemei,j the book from 
science teachers will be received witij thanks. 
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PREFACE TO THE FOURTH EDITION 

It IS a mattpf of gteat pleasuie that the Science 
Tcache.'S have fjund the book to be of some use. 
the book has been leiommcnded by the Panjab and 
Ddhi Univeisities as a Text-book for the M. & SX.C 
students, Effoits have been" made to make the 

language simpler. Ceitain othei improvements have 
been made, No work being perfect, theie is loom for 
farther improvement. Wc, tbeufo r, request the 
Science Teacheis using the book to [Tasc ufo.ra us 
of the diawbacks and shoit comings that come to 
their notice. Wc shall by then co-operation try to 
make the work as ncail/ pCiict as possible. 


AUTHORS 


PREFACE TO THE SEVENTH EDIT 10'^. 


The book has been thcroughiy revised 

biought uptodate. In certain cases hints for 

cessfal peiformance of expeiiments have been 

Nearly all the experiments given in the book 

been succesTally pei formed in the laboratoryo 

clinptei on chemical foiinulae and equations h. os 

added. Some scientific hobbies which ran be 

laken up by students have also been added,, 

hope the teachers will find the present work 

useful. Any further suggestions to improve th'’ 

* 

aie right welcome. 


AKTHORJ 



CHAPTER I. 


PHYSICAL AND CHEMICAL CHANGES. 

It IS a matter of common obseivation that bodies often 
undergo temporary changes under certain conditions. 
Thus -water on cooling ficezes into haid, brittle ice; but 
the icc melts and becomes watei on warming. A bar of iron 
which has been heated to redness is slightly changed, and 
becomes the Same on cooling. Again, an iron knitting 
needle when rubbed with a bar-magnet acquires the pro- 
perty of attracting iron filings towards it but loses this 
property when hammeted. 

In other cases the changes may be more deep-seated. 
Thus, milk may become sour, iron when exposed to damp 
atr rusts into reddish-brown powder, a candle burns away 
and appal entiv disappears. When the white of an egg is 
gently heated it changes from a transparent, colourless 
liquid to an opaque white solid. 

In the first case the changes are only slight and 
temporal y and are said to be Physical changes; while 
changes in the second case aie much moie diastic, result- 
ing in the disappearance of the original substance and the 
foi n.ition of a new substance. They aie called Chemical 

1 es. 

The following experiments furthei illustrate the im- 
pcf mt facts about these changes. 
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Physical changes 

Experiment 1. Hear a little powdered sulphur in a 
clay crucible. It melts into a yellow liquid. vOn heating 
furthei, the liquid becomes thick dark in colour. Con-- 
tmue heating, the tliick liquid again becomes thin. On 
cooling, the above changes are repeated in the reverse 
01 der. 

Experiment 2. Heat a platinum or iron wiie in a 
flame It becomes red hot and begins to glow. When 
removed fiom the flame it regains its original appearance 
and remains unchanged. 

Expriment 3. Weigh a beaker. Put some water 
in It, and add two grams of powdered common salt in the 
water. Stir the contents of the beaker, the salt disappears 
m the water. Heat the contents of the beaker til! the 
water is driven out and a diy powder is left behind. Cool 
and then weigh it. The weight of the salt remains un-*' 
changed. 

In all these cases the composition of the substances 
remains unchanged and no new substance is produced. 
The change is easily reversed by altering the outside con- 
ditions; the weight has lemaincd unchanged. Thus a 
phifstca’ change a temporary change in which the eom- 
pnsUion of the body undergoing the change, remains 
umltered ' 

Chemical changes. 

Experiment 4. Hold a piece of paper or cloth in a 
flame. It burns away leaving behind a black ash. 

Experiment 5. Place a piece of magnesium ribbon 

m a flame. It burns, with a daz?hng light and leaves 
behind a white residue. 
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Experiment 6. Put some copper turnings in a 
test tube and pour some nitric acid over them. A 
1 eddish brown gas will be produced and no copper 
turnings will be left in the test tube after some time. 

Experiment 7. Pass electric current through 

acidulated water contained in a voltameter. The 
water is broken up into oxygen and hydrogen. 

Experiment 8. Heat a piece of lead in a 

clay crucible. It melts into a shining liquid. 

Continue heating strongly; stirring all the while. The 
metallic lead changes into a yellow powder. 

Experiment 9. Heat a few crystals of lead 

nitrate in a test tube. Reddish-brown fumes ate 
given off a vi a residue is left behind m the tube. 

In all these cases new substances with new proper-- 
ties are produced ; the composition of the substance 
.n each case is changed. The change is not easily 
reversed by merely altering the outside conditions. 
The weight of a substance changes when it is changed 
into a new material. Thus a chemteal change la more 
or less n perm'inent change in which a new subHance with 
different properties is formed 

The Law of Conservation of Matter. Although 
a Physical oi a Chemical change can bring about 
3 tempoiary or peimauent change in the composition 
and properties of matter, it can neither create not des- 
troy matter. The quantity of matter in the universe 
remains constant, it does not increase or decrease. 
In a chemical change if the whole of the products 
are collected, they are found to be equal in weight 
to the substances entering into the reaction. The 
following experiments c rty illustrate the above facts. 



4 


Experiheni 10. In a dry clean flask put a smafi 
quantity of dty, cold sand. Intioduce 
a piece of diy phosphorus with a pair 
of tongs and fit an air-tight cork 
in It. Weigh quickly the whole 
appaiatus. Now gently waiin the 
flask holding it over a small flame. 
Stop heating when the phosphorus 
starts burning. The flask is soon 

filled with dense white fumes. Allow 
the flask to cool and weigh again» 
There is no change in the total 

A-sand weight ; the phosphorus has dis- 

B-phosphorus. appeared 

Experiment. 11. Take a little potassium iodide 
solution in a test tube 
and place it msidc a coni- 
cal flask containing solu- 
■on of lead acetate. The 
lask is corked and weigh- 
ed. Tilt the flask so as to 
mix the liquids. Notice a 
beautiful yellow coloured 
substance is foimed. 

Re-weigh the flask There 
is no change in the Fig 

weight although a chemi- A-solution of lead acetate, 
cal change has taken place. B-solution of potassium iodide 

It IS deal that m these two experiments there 
has 'been no creation or .destruction of mattei, but 
merely a redistribution. In fact innumeiable ex- 
periments conducted by chemists have shown that 
wrhen any chemical or physical change takes place the 
total weights of the substances foimed are exactly* 
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qual to the sum of the weights of the original sub - 
stances. These facts are summed up in the Law of 
Conservation of Matter which states that during 
chemical oi physical changes matter is neither des- 
troyed nor created. The principle is also known as 
the Law of Indestructibility of natter, 

SUMMARY 

A temporary chaage in which the composUlon of the body under- 
going the change remaine unaltered is called a physical change 

A more or teaa permanent change m which a new substance With 
liffercnt properties is formed, la called a chemical change 

The law of Conservation of matter. During chemical change* 
matter is neither destroyed nor created 

QUESTIONS. 

1 What do you understand by a physioal change ? Describe some 
simple experiments to illustrate your answer 

2 What 18 chemical change } Illustrate by examples. 

3 Diatuiguiali clearly between a Physioal and a Chemical change 
Give examples to illustrate your answer 

i State, with reasons, whether the ghaiigoa taking place durr* 
the following cases are physical or Chemical — h 

. (1) Rusting of iron (2) Froa/.ing of ice cream (3) Magne- 

< Siring iron (4) Burning a candle (5) Burning nn electric lamp 
(b) Blectrolyais (7) Baking bread (8) Dissolving sugar in milk 

6 What Cliomioal and Physical changes are observed to take place 
when the following substances are strongly heated f — 

(I ) A crystal of salt (2) A crystal of alum (3) A bright piece 
of copper- (4) ilagnoainm ribbon (5) Piece of sodium (G) Piece 
ol phosphorus (7) Piece of chalk (limestone) (8) Powdered sulphur, 
(b) Amraonioura chloride 

6. State giving rsasbns, whether the changes involved m the 
following are Physical or Chemical — 

(1) Heating of red oxide of meioury (2) Freeaing of water 
(3) Adding water to quick lime (4) Heating the white of an egg 
(o) Converting water into steam (8) Resting lead nitrate (7) 
Buiiimg of sulphur (8) Change of milk into curd 

7 Describe two epxerixnents to illustrate the Law of Conservi- 
tion of inattai Statjthelow 



CHAPTER IL 


LABORATORY OPERATIONS. 

In the laboratory we make use of certain simple 
mechanical processes for the purification and separa- 
tion of substances. The most important of them are; 

Solution. It IS a matter of common experience 
that when a solid such as sugar is put into water it 
disappears and seems to become a liquid. Sugar is, 
however, not lost but has spread throughout the 
water and its presence may be proved by the sweet 
taste that it has given to the water. In the same 
way, if a little salt is added to some water, it also 
disappears and gives to the water its own taste. When 
sugar or salt so completely spreads throughout water. 
It IS said to have dissolved in water. The process 
of one substance dissolving in the other or the 
product obtained is known as a solution The sub- 
stance which dissolves is called the aolutt and the 
substance in which it is dissolved is called the 
solvent. Thus, in the above cases, water is the solvent 
and sugar or salt is the solute. 

A solution contains the dissolved substance or 
Solute in an extremely finely divided condition so 
much so that it is not possible to detect the presence 
of the dissolved particles with the naked eye or even by 
the help of a microscope. The articels of the dis- 
solved substance are uniformly distributed thtougb 
the liquid and do not settle down on long standing 
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Experiment. 12 Into a small beaker containing 
distilled water put some powdered chalk (limestone) and 
shake the liquid round. The water becomes milky in 
colour, because the particles of chalk float about in it. 
Allow the beaker with its contents to stand for some time. 
The chalk particles settle down at its bottom leaving 
a clear liquid above. Take a little of this clear 
liquid on a watch glass and heat it to dryness. Notice 
no residue is left behind. 

The above expeiiment shows that chalk does not 
dissolve in watei. Such substances as do not 
dissolve in water are called insoluble substances. Sub- 
stances like sugar alum, common salt which dissolve 
in water are called soluble substances. Substances 
that dissolve readily in water are sugar, copper 
sulphate, salt, alum, borax, dyes, etc. Among the 
insoluble substances may be mentioned sand, powdered 
glass, wax, chalk, sulphur, rubber, woo d, paper, 
phosphorus, charcoal, resin, oil, sealing wax, etc. 

Other solvenU. Water is not the only solvent, 
all liquids possess the power of dissolving solids to a 
greater or lesser degree. Some substances that do not 
dissolve in water are readily soluble in other liquids. 

Expehibient 13, Shake up s little quantity of 
powdered sulphur with some water in a test tube. 
Notice that sulphur does not dissolve in water. Into 
another test tube containing powedered sulphur add 
little carbon disulphide drop by drop and shake up. 
Sulphur IS seen fa have dissolved completely in carbon 
disulphide. 

Experiment 14. Add a little powdered sealing 
wax to methylated spirit contained m a dish and stfr 



8 


up with glass rod. Sealing wax soon dissolves in 
ihe spirit 

Oil and grease are readily soluble in benzene or 
petrol whicli is used in dry-cleaning soiled clothes, 
Resin, sealing wax, camphor and iodine dissolve in 
methylated spirit. Sulphur and yellow phosphorus 
dissolve in carbon disulphide. 

Solution of liquids ia liquid* W ater dissolves not 
only solids but some liquids as well. In a test tube 
Mntaming water add a little alcohol and shake it up. 
The two liquids dissolve in each other completely. On 
the other hand oils do not dissolve in water. Mercury,, 
turpentine, carbon disulphide, chloroform are other 
examples of liquids that do not mix with wafer ; while 
honey, milk, phenyle, glycerine, etc. dissolve in water. 
Either dissolves partially m water. 


Solution of gases in liquids. Gases are also soluble 
m water, but some dissolve more than others, 
file gases such as, oxygen, nitrogen, air, ate slightly 
soluble m water; carbon dioxide, sulphur dioxide 
are soluble; while ammonia gas, hydrochloric acid 
gas are extremely soluble in water. Hydrogen, carbon 
monoxide and coal gas are practically insoluble m 
watei . 


Saturited and unsaturated solutions 

Experiment 16 , Half fill a small beaker with water 
and add to it a little of powdered nitre and stir 
with a glass rod. Nitre dissolves in the water. Add 
a little more and stir the solution; nitre again dis- 
appears. Continue adding nitre till no more will 
dissolve and some remains at the bottom. 
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Now heat the solution in the beaker over a flame. 
The nitre at the bottom of the beaker dissolves. Add 
more mtre until some remains undissolved at the bottom. 
Heat the solution further; the undissolved nitre goes into 
solution again. Continuing in this way and by heating it 
the solution can dissolve more mtre. Allow the solution 
to cool. Some of the nitre separates out of solution 
and settles at the bottom of the beaker. 

From the above experiment we learn that if we con- 
tinue to add nitre to the cold water in the beaker; a point 
is reached at which some of it remains undissolved in that 
quantity of water. The water in the beaker can no longer 
dissolve any more solid. When no more of a substance ^ 
can dissolve in a liquid at a particular temperature; the 
solution IS said to be saturated at that temperature. If, 
on the other hand, the solvent can dissolve more of the 
soluble substance the solution is called unsaturaied. 

When the saturated solution is heated, it becomes 
unsaturated, more of the solid can dissolve in it. 
Generally the hotter the solvent the more solid will it 
dissolve. On allowing a hot saturated solution to cool, 
some of the soluble solid separates out and settles at the 
bottom. 

Solubility. We have seen already that some sub- 
stances like sugar, nitre, dissolve readily in water; 
others. Such as lime, dissolve only slightly; while glass, 
sand, etc., are insoluble. The amount of a solid that 
can be dissolved m a liquid depends not only on the 
nature of the substance, but also on the temperature. 
Solids, generally, dissolve more in hot water than 
in cold water. Lime and sodium sulphate anhydrous, 
however, dissolve more in cold water than in hot water. 
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Tlie solubility of soma salts, e g , nitre, increases rapidly 
as the temperature rises. Again common salt is equally 
soluble m hot as well as in cold water. Its solubility 
IS 35‘0. 

The amoufit of a subst'ince that can be dissolved 
»» liiO parts o1 water at a particular temperature is 
called the solubility of that svhstanee at that tempera^ 
ture. It can be determined as follows : — 

Experiment 16 Take some water in a beaker 
and add a little common salt to it and shake well. 
If the salt dissolves add more and shake again. 
Repeat the addition, if necessary, till some remains 
undissolved at the bottom. Filter (See Fig. 6) the 
saturated solution thus obtained. In a clear dry 
dish which has been previously weighed take some 
of the clear solution. Weigh the dish with the solu- 
tion. Note the temperature of the solution. Now, 
heat gently the dish over a flame till whole of this 
water is driven out. Cool the dish and weigh it again, 
and thus get the weight of the dry salt left in the 
dish 


Calculate the solubility of salt as below 


Temperature of solution 

=25°C. 

Wt. of evaporating dish 

=48'50 gm. 

Wt, of evaporatiog 

=69’00 gm. 

dish t-solution 

■ Wt. of the solution 

= 20*50 gm, 

Wt, of the dish and of the 

residue 

=54 00 gm. 

Wt, of the dish 

= 48*50 gra. 

Wt. of the residue 

=5*50 gm. 

Wt. of water 

= 15*00 gm* 
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Hence 15*00 gm. of water can dissolve 5*5 gm. 
of common salt at 25°C. 


• Solubility of salt at 25®C.=_f_^ ^ 

_15*00 

36*6. 

Ex^>eeiment 17, Fit up the apparatus as shown 
in Fig. 3. Fill the flask and the delivery tube com- 
pletely with water. Heat the flask, bubbles of a gas 



Fig 3 W— water. A— air. 


come out and are collected in the test tube. This gas 
IS found to be common air. ' 

Experiment 18. Open a soda-water bottle. 
Notice the rise of bubbles of a gas which escape at 
the mouth. These are the bubbles of carbon dioxide 
which has been dissolved in water under pressure, but 
which now escapes when the pressure is decreased. 

The above experiments show that 

1. Gases dissolve less in hot water than in cold 
water ; and 

2, Gases dissolve more under increased pressure, 
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Evaporatioot If water is heated or exposed to 
air in an open vessel, it gradually disappears in the 
form of v^our. This process by which a liquid 
disappears on exposure to air or on heating is known 
as Evaporation. 

Experiment 19, Weigh out a quantity of salt 
an evaporating basin and dissolve it in water. 
Heat It gently over a burner. To ensure gradual 
heating, a sand bath may be used (Fig 4). A sand 
bath generally consists of an iron tray containing some 
sand in it. The water boils and evaporates away com- 
pletely. A white solid remains in the basin. Weigh 

again. It is found that the weight is equal to the weight 
of the basin and salt before solution and that the solid 
left is still salt. 



Fig 4 

A— evaporating basin. 
B — sand bath. 


j^fioluble substances 
-obtained from 


like sugar; 
thCir solutions 


salt, 

by 


etc., may 
evaporation. 



13 


Common salt for domestic puiposes is obtained fiom 
the sea water by evapoiation by persons living on 
the sea coast. 

Decantation Insoluble substances like chalk and 
sand, if shaken with water and allowed to stand, settle 
down at the bottom and the clear liquid above can be 
poured off or siphoned off into anothei vessel. This 
process is called Decantation. 

In most villages of the Punjab where well water 
is scarce canal watei oi pond watei is filled m pitcheis 
and allowed to stand when the mud settles at the 
bottom and cleat water decanted off and used for 
drinking puiposes. Decantation is also made use of 
by niyaryas m separating pai tides of gold and silver 
from the dust and sweepings from a goldsmith’s shop. 

Filtration. In order to remove completely the 
insoluble solids or suspended impurities fiom liquids 
filtiation IS usually employed. The process of fil- 
tration consists in allowing the liquid containing 
the insoluble impurities to pass through a porous 
mateiial like filter paper, coarse cloth,' etc,, when the 
clear liquid passes through and leaves the insoluble 
impuiities behind. The cleai liquid so obtained is 
called the filtrate and the insoluble impurities left 
behind form the residue. The following experiment 
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geiierallv rariicd cut in the laborafoiy illuttiatcs the 
process of filtration. 

Experiment 20. Take a circular piece of filter paper 
and fold it in two in the form of a semi-circlc, Fig. 5 (w) 



{t) (Ji) i^n) (iv) (?') 

Fig 5. 


then again in the foiin of a quadrant. Fig. 5 Open 

the folded paper to form a hollow cone with three folds 

t on one side and one on the other. 

Fig. 5 (iti). Place a glass funnel 
on a filter stand and put this 
cone la the funnel. Sprinkle 
V a little clear water to make it 

n stick to the walls of the funnel. 

® Place a clean beaker below the 

funnel. Pour gently the muddy 
water in the funnel by allowing 
It to run slowly down a glass 
rod, the lower end of which just 
touches the filter paper on the 
thicker side as shown in Fig. 6. 
The clear liquid along with dis- 
solved substance, if any, passes 
down through the filter paper 
p y inio the beakei and insoluble 

R-elass rod. impurities are left on the filter 

jj * . paper as a residue. 

— muddy water, ^ ^ 

F— filtrate. 
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Filtei papers are used in laboratories and hospitals 
whcie small volumes of liquids are required to be 
filtei ed. When filiation on a large scale is to be 
can led on other substances are used as filters. Coarse 
clothf powdered charcoal and sand are commonly 
employed in daily life. In places where pure water 
cannot be obtained for dunking purposes, the muddy 
water is made fit for drinking, in the following Simple 
way : 

Three earthen vessels (gharraa) are placed, one 
above the other, the upper two 
having holes at the bottom (Fig 7). 

The uppermost vessel contains 
muddy water which gradually passes 
through sand contained in the middle 
one. Most of the suspended im- 
purities are held back by the sand, ^ 
and clear water collects into the 
third vessel. 

Sand filters are used also for 
removing the insoluble and suspended 
impurities from watei in big cities 
like Lahore and Lyallpur. Water 
under pressure is made to pass o 
till ough filter beds made of sand and 
giavel 

Several types of ready-made filtei s 
are sold in the market. The com- 
monest of these are the Berkfield ^'8- * 

filtei and the Pasteur-ChamberlandA-muddy water. 

filter. Each consists of inner unglaz-®”''^®®®^ 
cd porcelain cylinder through whichc-pure *w?Ler.^ 
water IS allowed to pass. D-frame. 
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Diitillation Decantation or filtration can be used 
only when the impurities present in a liquid are either 
insoluble or suspended. Xo remove soluble inipui ities 
from a liquid the method known as distillation is 
used. Distillation consists in the process of changing 
a liquid into vapour, and collecting and condensing 
the vapour in another vessel In the laboratory, dis- 
tillation IS earned on as illustrated in the following 
experiment. 

Experiment 21. Arrange the appaiatus as shown 
in Fig. 8. The apparatus consists of a flask for boiling 
the solution, a Leibig's condenser, and a flask to leceive 
tbc distilled liquid. 



In the flask put some copper sulphate solution and 
heat it over a flame. Allow a steady current of cold 
water to pass through the condenser. As the heating 
proceeds drops of clear liquid are seen collecting in 
the receiver. Do not boil to dryness or the flask may 
crack. The clear liquid collected in the receiver will 
be free from any kind of impurity. This can be verified 
■by evaporating a drop on a watch glass when no resi- 
due will be left behind. This liquid is known as 
■the disUUate, 
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If Leibig's condenser is not to be used, a retort 
may be employed; and the receiver is kept cool by 
dipping It in cold water. {See Fig. 9.) 
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this process for obtaining extracts of flowers and plants. 
An Indian druggist employs the apparatus shown in 
Fig. 10 for the preparation of extracts (arcig). 

Fractional Distillation. A mixture of liquids may 
be separated into its constituents by this process. 
Thus if a mixtuie of alcohol and watei be distilled it is 
found that the boiling point in the beginning is 840 C. 
The liquid that collects in the receiver is iicher in 
alcohol. If the distillation is stopped when one-fourth 
of the mixture has distilled over> and the distillate is 
agam distilled as before, we get a distillate which is still 
richer in alcohol. This paitical separation of liquids 
IS known as Fractional Distillation. 

Distillation is used to obtain puie water for 
drinking purposes from sea water and othei impure 
wateis not fit for drinking. Distilled water used in 
laboratories and hospitals is also obtained by the 
process of distillation. 

CrystalHzation We have already learnt tliat 
solids dissolve more in hot than m cold water; 
that IS, the Solvent power of water increases with rise of 
temperatuie. A hot saturated solution contains more 
of the solute than a cold one. When the hot saturated 
solution IS allowed to cool some of the dissolved sub- 
stance separates out in the foim of regular geometiical 
figures, known as crystals. This process is known as 
Crystallization, Ciystals have shining faces and sharp 
edges. 

Experiment 22. Prepare a hot saturated solu- 
tion of alum : filter it and allow it to cool slowly. After 
a short time some of the alum is seen to have sepaiated 
out in the form of crystals. 

Crystals may also be obtained by allowing the 
solvent to evaporate slowly. The slower the 
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evaporation, or the more gradual the cooling, the 
largei and more perfect are the crystals obtained. 

In nature crystals are also formed by the slow and 
undisturbed solidification of a melted solid. Crystals 
found in igneous rocks aie formed by this process. 

Crystallization is used to puiify substances such as 
nitre or alum or sugar; etc. A strong solution of the 
substance is prepared m hot water and filtered. The 
solution IS allowed to cool. The impurities present 
lemain in solution while the substances separate out 
in puie crystals. 

Two soluble substances such as nitre and salt, 
which have different degiees of solubility, held in solu- 
tion, can be separated by crystallization as the 

crystals of the one much soluble in hot water 
will separate out first on cooling. This paiti- 

cular process is called the Fractional Crystalliza- 

tion. In the present case, nitre being more 
soluble in hot than in cool water, crystallizes out first 
on cooling. 

Sublimation. Certain Solids such as camphor, sal- 
ammoniac, iodine when heated pass off directly into 
vapour, without changing to the liquid condition* and 
the vapour when cooled, diiectly changes into solid. 
This process is known as sublimation. The substance 
IS said to sublime or to form a sublimate. 

Experiment 23. In a laige dry flask put a 
crystal of iodine and fit it with a corL Gently 
warm the flask on a low flame. The iodine at once 
sublines into a beatuiful violet vapoui filling the flask. 
At the cooler parts of the flask the violet vapour 
condense again into solid iodine. 

Experiment 24. Heat a little powdered ammo- 
nium chloride in a dish. Invert over it a cold glass 
funnel as m Fig. II, Plug the funnel by cotton wool. 
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D — glass funnel. A — dish. 

Sublimation is used for separating substances 

which sublime from impurities present in them. 

SUMMARY. 

The process of one substance dissolving in the other and the 
product obtained is known as Solution The eubetance which is 
dissolved is known as Solute and the liquid in which it is dissolved 
is colled Solvent 

Other solvents besides water are spirit, carbon duulphide 
benzene (for paraffin wax), etc. 

As a rule solids dissolve more in hot than in cold water The 
solubility of gases decreases with nee of temperature 

When a solution has got the maxinmm amounf of solute 
dissolved in it at a given temperature, the solutionis said to boa 
Saturated Solution at that temperature. 

The amount ofsubstanoe which can be dissolved in 100 parts of a 
liquid at a given temperature is called its solubility in that liquid at 
that temperature. 
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Decantation is the pouring of the clear liquid at the surface 
when a liquid containing insoluble ^impurities is allowed to stand 
and become clear, 

Filtration is process of separating laaolublo impurities from a 
liquid by passing it througn a porous material 

Distillation 13 the oonveision of a liquid into vapour and 
ooudenaation of vapour into the liquid again 

Fractional distillation is the process used to separate two liquids 
from their mixture 

When a hot saturated solution la allowed to evaporate gra 
dually or cool slowly, the excess of the substance is deposited in the 
form of crystals i'he process is known as crystallization 

Fractional crystallization is the process of separating two soluble 
substances from a liquid 

Sublimation IS the direct passage of a solid into vaporoue state 
and nice uerea 


QUESTIONS 

1 Explain the terms — solute, solvent and solution Give 
examples, 

2 What is a saturated solution ? How would you prepare a 
saturated solution of nitre at the room temperature ? 

3. Define the term solubility Uow would you determine 
the solubility of alum at the ordinary temperature f 

4 Upon what does the solubility of a substance depend 7 
What IS the effect of ooohhg a hot saturated solution 7 

6 How will you prepare large and good crystals of copper 
sulphate 7 Give the precautions you will observe 7 What are the 
practical uses of this process 7 

6 Describe experiments to show that solids dissolve more in 
hot water than m cold water while gases dissolve less in hot water 
than in cold water 7 Give examples of solids which be have other- 
wise 

7 Explain the terms — decantation, sublimation, sublimate, 
distillate, filtrate, residue, evaporation Give examples. 

® Describe the process of distillation as carried out in the 
laboratory To what practical usee are filtration and dstillation 
put 7 

9 A. white powder 13 given to you How will you proceed to 
nnd out whether it is soluble m water or not 7 

10 Distinguish between decantation nnd filtration, evapora- 
tion and sublimation How will you obtain pure water from a 
muddy specimen containing salt dissolved in it 7 



CHAPTER III. 


ELEMENTS, COMPOUNDS AND MIXTURES. 

Element! and Compounds. Pure substances are 
divided into elements and compounds. It is necessaiy 
to understand the difference between two classes of 
pure mrtertal substances. The red solid formed by 
heating mercury in air is a pure substance, but when 
heated further, it splits up into mercury and oxygen ; 
it IS not a simple, but a compound substance. But 
mercury itself may bo heated, it may be boiled indeed 
or treated in any other way, but it cannot be split 
up into two other substances. In fact, no means are 
known by which mercuiy can be changed into a totally 
different substancfe except by combining something 
else with it. This combination is, of course, a process 
of addition, and, therefore, the fresh substance formed 
will weigh more than the original mercury. Any differ- 
ent substince formed from mercury is less simple than 
mercury. A number of substances are known which 
resemble mercury in this one point ; by no known means 
can they be separated into two or more substances 
simpler than themselves. They cannot be made to 
split up as the substance formed by the combination 
of mercury with oxygen does when heated. They 
can only be made into different substances by causing 
something else to combine with them, e..g , magnesium 
can be made to burn, m other words, to combine with 
oxgen, and thus fiom a white powder. The white 
powder differs from magnesium in that it contains 
oxygen as well. 
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Substances like mercury and magnesium, which 
Cannot be separated into simpler substances by any 
known method, are called Elements Substances 
formed by combining elemens are called Compounds^ 
Theie are about 85 elements known to the modern 
chemists. The most important of them are t — 


Table of common elements. 


•Solids . 

' Aluminium. 

Gold, 

Zinc. 

Antimony. 

Iodine. 

Platinum. 

"5 Arsenic. 

Iron. 

Potassium. 

‘j Barium. 

Lead. 

Radium. 

1 Bismuth. 

Magnesium. 

Silicon, 

, Calcium. 

Manganese. 

Silver. 

1 Carbon. 

Nickel 

Sulphur. 

■ Cobalt, 

Phosphorus, 

Tin. 

T Copper. 


Tungsten. 

Liqmds : 


Bromine. 

Mercury, 

' 

Qases : 

Argon. 


Hydrogen. 

Chlorine. 


Nitrogen. - 

Helium, 

>■ 


Oxygen, 


Compounds and mixtur«g Compounds must be 
carefully distinguished from mixtures. Every drop 
of water has exactly the same properties and so 
IS the case with every particle of red oxide of mer- 
cury. In case of water, oxygen and hydrogen 
of which It IS composed, and in case of red 
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oxide of mercury, oxygen and mercury, cannot be 
lecognizied m them. On the other hand, if we mix 
flour and salt and grind them together, we get a mix- 
ture in which the substances exist quite distinct from 
each other. We cannot see the particles separately 
with naked eyes but by a lens or a microscope the 
particles of different substances can be easily made 
out. The following experiments further illustrate 
the distinction between compounds and mixtures. 

EXPERIMENT 25, Mix Some iron filings with 
sulphur and grind them thoroughly in a mortar 
to obtain a grey coloured mass. Take it out 
on a paper and examine with a lens. The particles 
of sulphur and non filings will be seen lying side 
by side. Now insert a magnet in the mixture. Iron 
filings will stick to It and can be removed by moving 
the magnet in the mixture. Sulphur is thus left 
behind. 

Take a little of the mixture in a dish and add 
carbon disulphide to it. Sulphur will dissolve in the 
liquid ; filter it. Iron filings will be left on the filter 
, paper as residue. On evaporation of the filtrate 
sulphur will be left behind. ' 

EXPERIMENT 26. Prepare some more mixture 
of the same substances and put it in a crucible which 
IS supported on a clay pipe triangle on the tripod 
stand (Fig. 12). Heat the crucible. Observe that the 
sulphur melts and some burns away. Add more sulphur 
and again heat the mixture until no more sulphur burns 
away ; repeat this three or four times. A dark coloured 
mass will be obtained. Remove the black mass 
thus obtained and examine it with a lens. 
The particles of sulphur and iron cannot be recog- 
nized. Insert a magnet in the powdered mass. 
No iron filings can be removed. Put a little of the* 
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substance in a dish containing carbon disulphide 
and shake well. It does not dissolve in it and 



sulphur cannot be removed. There is, therefore, 
neither free iron nor free sulphur. 

From the above experiments the following points 
of distinction between a chemical compound and a 
mechanical mixture are clear ; — 

In a mixture the constituents are found to be 
lying side by side and cm be separated by simple 
mechanical means. The constituents retain their 
individual properties and the properties of the mixture 
will be found to be midway between those of 
Its constituents. 

In a compound, the constituents cannot be seen 
lyidg side by side, nor can they be separated by simple 
mechanical means. Many experiments have shown 
that when compounds aie formed their constituents 
combine m fixed proportions only and if an excess 
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of n substance is used, it lemains unchanged. The 
pi’operties of a compound are entirely different from 


thobfi of Its 


constituents. 
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Separation of a mixture into its constituents 

The methods commonly used in separating mixtures 
into then constituents are ,best shown by the following 
examples, 

Gun-powder, It is a mixture of potassium 
nitrate (75 parts , powdered charcoal (15 parts), and 
powdeied sulphur (10 parts). Of the thiee constituents 
of gun-powder, nitre is very soluble in hot water, 
sulphur and charcoal are insoluble. But of these two 
sulphur dissolves in carbon disulphide. Hence to 
separate them proceed as follows: 

Experiment 27. Shake the gun-powder with 
sufficent hot water, and filter. The filtrate contains 
the nitre, which can be recovered by the evaporation 
of the watei. Now wash the residue on the filter 
paper by pouring water over it a few times, then dry 
It carefully ; remove it from the paper and add 
carbon disulphide. Shake and allow it to stand. Filter 
the liquid from the black charcoal and allow it to 

evaporate slowly. The sulphur is thus recovered. The 

charcoal remains behind as residue on the filter paper 

and can be obtained by drying. 

Separation of nitre from salt and insoluble impuri- 
ties Shake well some of the mixture containing 

nitre, salt and sand in hot water contained in a beaker, 
filter It. The filtrate is a clear liquid containiig 

nitie and salt in solution. The insoluble substance 

such as sand is left as residue on the filter paper. 

Heat the filtrate in a dish to saturate the solution. 

Now allow It to cool. JThe nitre crystallizes out fust 
as it IS much more soluble in hot than in cold water 
whereas, salt is equally soluble both in hot and cold 
water. The liquid left is rich in salt. (Fractional 
crystallization). 
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Types of chemical action When two or more 
substances combine to foitn a new compound or when 
a compound breaks up into two or more simpler sub- 
stances, a chemical action is said to have taken place, 
Chemical action is divided iniojonr tyt es . — 

1. Combination. Two or more elements combine 
to form a definite chemical compound, e.g., 

Iron+sulphur=Iron sulphide. 

2. Decomposition. A compound bieaks up or 

decomposes into two or more elements or simpler 

compounds, e g., 

Mercury oxide=Mercury+oxygen. 

Calcium carbonate = Calcium oxide 4 carbon dioxide, 

(cljiilk) (limo; 

3, Chemical replacement. One element replaces 
another m a compound, e.g., 

Iron+copper sulphate = Copper+iron sulphate 

Experiment 8, Put bright iron nails in a strong 
solution of copper sulphate contained in a beaker. 
After a shoi t time the nails are covered with a reddish 
layer of copper, and iron goes into solution. 

4, Double decompotilion. Two compounds act 
upon each other chemically by exchange of parts 
to produce two new compounds, e.g., 

Sodium c3rbonate4C3lcium chloride= 

(Washing fioda) 

Sodium chloride ^calcium carbonate. 

(chalk, 

Experiment 2!i. Prepare solutions of sodium 
carbonate and of calcium chloride in two separate 



29 


test tubes. Pour one solution into the other ; a white 
insoluble substance (chalk) is formed .and settles at the 
bottom. Sodium chloride remains in solution as 
may be found by filtiation and evaporation. 


Pi'ecipitation In the above case (Expt. 29) two 
soluble substances have^ combined to form two new 
compounds, one of which is insoluble and settles at the 
bottom. This piocess is known as Precipitation and 
the white insoluble substance formed is called the 
Precipitate. 

Chemical affinity. Ceitain substances combine 
with one another very readily at ordinary tem- 
perature and form new compounds, while some sub- 
stances do not combine at all or do so under special 
conditions. Phosphorus when exposed to air combines 
with oxygen of the air and begins to burn while silver 
or gold if left exposed to air, remain unaffected. 
Phosphorus may be said to have gieat attraction for 
oxygen of the air while silver or gold has none. 
This attraction which makes the chemical union of one 
element with another to take place easily, is known 
as chemical affinuy. Thus phosphorus has chemical 
affinity for oxygen while silver or gold has no chemical 
affinity for it. 

Chemists believe that in compounds the elements 
are held together by this force of chemical affinity. 

Conditions and agencies that bring about chemical 
actions. 

Experiment 30. In a dry test tube put a little 
powder of mei curie chloride and add to it a small 
quantity of powdered potassium iodide. Mix the 
powders ; nothing happens. Now add water, a beautiful 
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red-coloured precipitate of mercuric iodide is 
formed ; 

Mercuric chlonde+Potassmm iodide= 

Mcrcuiic lodide+Potassium clilonde 

Experiment 31, In two separate test tubes 
prepare solutions of lead acetate and potassium iodide. 
Mix the two. Notice the formation of a yellow 
precipitate. 

Experiment. 32. Mix some non filings with 
powdered sulphur in a mortal. No action takes pla'^e, 
only a greyish mixture is obtained. Heat the mixtuie 
111 a test tube. A black compound iron sulphide is 
formed. ^ 

Experiment 33, Pass a cuiient of elcctiicity m 
copper sulphate solution contained in a voltametei. 
Copper separates out and deposits on the cathode and 
the solution becomes acidic. 

Experiment 34. Powdei separately a little of an- 
timony sulphide and potassium chloiate. Mix the two 
gently on a piece of paper. Place the mixture on a stone 
and suddenly strike it with a hammer. It explodes 
accompanied by a chemical change 

Experiment 35. Fill a hard glass bottle half with 
chlorine and half with hydrogen, and put it exposed to 
the sunlight. The gases combine chemically with a great 
explo'-ive noise 

In each of the above experiments a chemical action 
has taken place with the help of some external agencies 
which are ■ 

1. Close contact. This is the most essential 
condition of a chemical -action ; and is brought about 
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by mixing the substances in the form of solutions 
(Expt. 28, 29 

2, Heat. (Expt, 30). 

3, Electricity. (Expt. 31)‘ 

4. Pressure. (Expt. 32). 

5. Light, (Expt, 33'. 

SUMMARY 

Pina lubataaoea ara divided into elanipnls and oompoimda 

An elamant la a aubatanoa that oannot ba aoparated into simpler 
subatancea by any known method, 

A compound la a aiibatonce formed by the combination of two 
or more elemonta In a oompound the coinfioneiita cannot be aepara 
ted by simple mothoda The properties of a compound are genernlly 
quite different from thoae of jt» conatituenta which are alwnya 
preaent in certain daflnite proporiiona which for each compourd 
are fixed 

A mixture la made of conatituont* whioh lie aide by Bide and can 
be aspirated by easy rasohanioal methods Clie constituents may be 
present in any proportion and the properties of a mixture arc mid- 
way between tho'ae of its components 

The classes of ohomical aolzon ^ 

1 Chemical combination 2 Chemical decomposition 
3 Cheraical replacement 4. Chemical double deoomposrtion 

Oheimcal aohons are bi otight about by 

1 Close contact. 

2 Heat 

3 Light, 

4 Bleotricity. 

6 Pressure 

Ohemical affinity The attraction which facilitates the chemical 
union of one element with another la known as the chemical 
alfinity 

Separation of nitre and salt : — 

Substance which are less soluble in water than others separate 
out first from a solution on crystallization, ' 

The solubility of nitre la more in hot water than that of salt but 
It IS leas in cool water than that of salt The aolubility of nitre at 
650 C 18 120 but at 150 C it is 25 only whereas salt shows no 
variation, So when a hot saturated solution of a mixture of nitre 
and salt is cooled nitre being lees solublo in cold water than 
common salt separates out first 
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QUESTIONS 

1 Explain the taTma— element, onmpound and mixture. Give 
examples Say to which dais each of following 'belongs — 

Ohalk, sulphur, diamond, ice-cream, gunpowder, sand, glass, 
iron filings, water, air, charcoal, soap, brass, ink, milk. 

2 Distingmah clearly between a mixture and a compound. 
Illustrate your answer with experiments 

3 Name the types of a chemical action Support your answer 
with experiments 

4 Describe the oonditions and agencies which help to bring 
about a chemical action Give examples in each case 

5 You are given a mixture of powdered nitre, sulphur, and 
charcoal How Will you separoto the oonstituents ? Give expen- 
mental details 

6 Your are given a mixture of common salt, nitre and sand 
How will you separate them ? State clearly the principle of this 
method. 

7 How will you proceed experimentally to separate the consti- 
tuents of a mixture of ammonium chloride, nitre and powdered 
glass ’ Give precautions 

8 Given as mixture of iron filings, sulphur, copper sulphate, 
alum and chalk, how will you separate them ? 

9 You are given an impure sample of mtre containing small 
amounts of soluble and insoluble impurities Describe with full 
practical details, the method that you would adopt m order to 
obtain its pure and dry crystals 

10 Explain as clearly as you can the meanings of the term 
, chemical affinity ’ 

1 1 How will you separate the constituonts of gun powder ? 



CHAPTER IV. 


AIR. 

The atmosphere, commonly known as air is a 
’gaseous envelope that surrounds the earth. It is 
supposed to extend to a height of about 100 miles. 
The presence of ait can be felt in several ways. When 

we move a fan we feel the current of air striking 

our body, A vessel which we call empty is in reality 
fall of air. That it is so can be shovn by inverting 

an empty tumbler in a trough full of water ; the 

water does not rise up. If we tilt it a little, bubbles 
of air are seen coming out and water rises up inside 
the vessel. 

Air, m fact, is a form of matter, occupies space, 
and has weight. It has been calculated that due to 
Its weight, air exerts pressure equal to 35 poainds on 
one square inch of surface. 

The Composition of Air. Air is a mixture of 
several gases, the most important being oxygen and 

nitrogen. Other gases which are generally present 
in air are carbon dioxide, water vapour, argon, ozone, 
oxides of nitrogen and ammonia. The composition 

of air differs slightly in different places. The air in 

towns where there arc several factories and work- 

shops is much impurer than the air of the countryside. 
The average percentage composition by volume of 
air IS given below 

Oxygen ... 20'90% by volume. 

Nitrogen ... ••• 78’00% „ 

Argon (Neon, Krypton) '9^% /> 
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Caiboti dioxide 
Water vapour 
Ozone, ammonia, oxides 
of nitrogen, nitric acid 


... '03% by volume. 

... variable. 

... traces. 


Besides these there are present in the air dust 
particles, and living germs of several kinds of diseases. 
Oxygen, nitrogen with other mixed gases are moie or 
less constant ■constitnents of air, whereas the amount 
of water vapour, carbon dioxide, etc,, vanes at 
different places, and at different tunes. 

That nitrogen and '’oxygen are found to be piesent 
m the air m the ratio of 79 to 21 by volume {and 77 
to 23 by weight) can be shown by a chemical action, 
such as the burning of phosphorus, or the rusting 
of iron, in a known volume of air. 


Bumins of Phosphorus. 

Experiment 36. Place a piece of yellow phos- 
phorus on a crucible lid resting 
on a piece of cork which floats ' 
on water in a large trough. 

Invert an uncorked bell jar over 
It ; and mark the level of the 
water in it by a strip of gummed 
paper. Divide the space above the 
water level into five equal parts. 

(See Fig. 13.) 

Now light the phosphorus by 
touching it with the heated end of 
an iron lod. Quickly replace the air 
tight stopper. Phosphorus burns 
away into thick white fumes. 

Allow the jar to cool : the thick white fumes gradually 
disappeai m water which rises inside the jar. Wait 
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till all the fumes inside the jar have dissolved in water ; 
water uses further and fills about one-fifth of the 
space originally occupied by the air. 

Remove the stopper again and lower a burning 
taper in the jar. It is at once put out, showing that 
the remaining gas is not the same as before. 


Experiment 37. Place some iron filuigs in a 
muslin bag, and tie the bag to a piece of glass lod. 
Moisten the bag well, and place it in a jai invert- 
ed over water, (See Fig. 14). Examine the jar after 
a few days. It is found that the iron filings are 
covered with a reddish brown substance commonly 
known as rust. Water has risen 
in the jar showing that a 
portion of the air has been used 
by the iron in rusting. Raise 
the jar nearly to the surface 
of the water and place a glass 
disc tightly under the mouth 
of the j'ar so as to allow no 
water to escape. Put the jar 
upright and take into it a 
burning taper. Notice that 

the taper is at once put out. 

Measure the volume of water a ^ 

V Ai c j , A.— inactive part of air. 

in the jar. Also find the B-water trough. 

whole volume of the jar. C- iron filings bag. ' 

The fraction of the air that has been used up by the 
iron m rusting is found to be nearly one -fifth of the 
original volume of the air in the jar. 

Experiment 38. Plnce some copper turnings m 
a hard glass tube open at both ends and fitted with 
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corks. One end is connected with a big-Woulffe's 
bottle fitted with a thistle funnel and the other with 
a tube which dips m water undei a beehive shelf 
placed in a trough. 



A — Woulfle's bottle. C— copper chips. 

N— nitrogen. 

{See Fig. 15.) A test tube full of water is inverted 
in the tiough of water ovei the beehive shelf. Copper 
is strongly heated, and a current of air is made to pass 
over It by pouring water in the Woulffe’s bottle. It is 
found that the coppei turnings become black, when 
the air passes over them, because the active part of 
air — oxygen- combines with copper. The inactive 
part of air— nitrogen collects in the test tube ; it 
does not combine with the copper. Remove the 
test tube when full, and take a burning taper in it. 
It IS at once extinguished showing that the gas m the 
tube does not not help burning. 

Moreover, if the volume of air which has come 
out of the Woulife's bottle is measured and also the 
volume of air collected m the tube, it will be found 
that in passing over heated copper the air has last one- 
fifth of itf volume, 
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From the above experiments we learn the follow* 
ing facts regarding air : — 

1, Air I3 made up of two principal gases : the 
active part ; and the inactive part. 

2. The active part of air known as oxygen, can 
combine with phosphorus, iron, heated copper, etc. 
and supports burning. The inactive part called 
nitrogen does not combine with any of the above 
substances and does not support burning. 

, 3. Whenever the active part of air is removed, 
duiing a chemical change the volume of the air de- 
creases by one-fifth. 

4. About one-fifch of air is oxygen and four- 
fifth IS nitrogen. 

Air contains varying amounts of water vapour 
in It. This can be shown by the following experi- 
ments. 

Experiment 39. Take a clear glass tumbler and 
dry It well from the outside. Put some pounded ice 
into the tumbler and allow it to stand for some time 
m ai Soon the outside surface of the ghss tumbler 
IS coyered with small particles of water. The water 
vapour in the air, coming in contact with the cold 
surface of the tumbler, condenses into water drops. 

Experiment 40. Place a few sticks of caustic 
soda in a flat dish and keep it exposed to air. Caustic 
soda has the property of absorbing moisture from air. 
After some time sticks of caustic soda become wet 
and if 'left for a bag time dissolve in the water 
absorbed from' air, and change into a liquid. 

The following experiment proves the presence of 
carbon dioxide m air. 
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Experiment 41. Take some freshly prepared linn, 
water m a flat di^h and keep it exposed to air. After 
some time a white film of ckalk (calcium carb'^nate) is 
formed on the suifacc of lime water. Now chalk can 
form on the surface of lime water only when it is acted 
upon by carbon dioxide. Hence it is clear that carbon 
dioxide has acted on it. So carbon dioxide must be in 
ail for the lime water was exposed to air. 

The air is not a chemtml compound but a mecha- 
nical mixture The jollowing reasom bear it out. 


1 . The composition of air vanes though very slight- 
ly at different places and under different conditions," 
whereas every compound has always a definite com- 
position. 

2. The properties of a chemical compound are 
quite different fiom those of its constituents, whereas 
the properties of air lie midway between the proper- 
ties of oxygen and nitrogen. 

3. Wh"n oxygen and nitrogen are mixed ' together 
in the proportion in which they are present in air 
tliere is no production or absorption of heat and no 
change of volume takes place. But when a compound 
is formed there i-; some heat produced or absorbed and 
a change of volume takes place. 

4. When air is shaken with water the dissolved 
air IS richer in oxygen than the ordinary air ; if air were 
a compound it would dissolve in water as a whole. 


5. If air be liquefied and then allowed to evapor- 
ate nitrogen is given off first, leaving the remaining 
solution richer in oxygen. If air were a compound, 
thi5 could not be the case, ^ 


Water of crystallization Many crystals ' when 
^heated give off water and fall to powder. Blue 
, vitriol or copper sulphate shows this peculiarity of 
some crystalline substances. ^ 
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Experiment 42. Put a few crystals of copper 
sulphate m a 'dry test tube. Note their blue colour. 
Heat strongly. The crystals gradually lose their blue 
colour and become white powder. At the same time 
moisture deposits on the upper cool parts of the test 
tube showing that water is given off from the crystals. 

To the white powder add a few drops of water and 
note the return of the blue colour. 

If the white powder is dissolved again m water and 
the solution allowed to evaporate blue crystals may 
again be obtained. Water, thus, is necessary to form 
crystals of some substances. This water, therefore, 
which combines with a substance during crystallization, 
IS known as the water of crystallnotxon. Washing 
soda, alum, and borax contain a large proportion of 
such water. 

Hjgroscopic substances If calcium chloride or 
caustic soda be exposed to moist air, they take up 
moisture - from the a/mosphere. Such substances as 
take up moisture on being exposed to air are known 
as hygroscopic substances. Brow'n sugar (gur), quick- 
lime, sodium nitrate, etc., are other examples of 
hygroscopic substances. 

Substances like caustic soda, calcium chloride, car- 
bolic acid, potassium carbonate, etc., take up so much 
water on being exposed to air that they become liquids. 
Such substances are called dehguescevt substances, and 
the phenomenon is called deliquescence. 

Certain crystalline substances when exposed to 
air give up their water of crystallization and change 
into an amorphous powder, e g,, sodium carbonate, 
hypo (sodium hyposulphatc). Such substances are 
called efflorescent, and the phenomenon is known as 
efflorescence 
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aURfMARY 

f'ompoiitton of Air — Air ig mflde up of the aotive part or 
oxygen nnd tlio inactive part, nitrogen, in ttie ratio 1 -t Other 
gaaea generally present in air are argon, carbon dioxide and water 
vapour 

The active part of the air la removed by burning things in it 

The air is npt a chemical oompounH but a mechanical mixture 
of gages 

flubsiancea that bake up moisture from the air are known as 
hygrnsoopio subglanone, e.g , caustic soda 

If subatan-ca take up so much moisture on being exposed to 
air that they become liquids, then they are called dnliqueecent, e g , 
sodium sulphate anhydrous. 

Eiflorescent <mbstancea are those substances which give up 
their moisture to air when exposed to it and change into an 
amorphous powder, e g , sodium carbonates hydrated 

QUESTIONS 

1 Describe an experiment to show that air is made up of at 
least two gases, flive tlie properties of each gas 

2 What Conditions are necessary for rusting of iron ’ 
Describe experiments in support of your ansvTBr 

3 Desenba experiments to prove that water vapour iind 
carbon dioxide are present in oir How do you acoous for i heir 
presence in air ? 

4 Describe as fully as you can an experiment showing that 
air contains a gas in which a candle Will not burn How would 
you try to find exactly the proportion of this gas in air ? ( P U 1914) 

5 Describe the composition of air What evidence would 
you give in proof of the statement that air is a mixture and not a 
chemical compound ? 

6 Describe an experiment to show that air contama nitrogen 
equal to about four fifths of its volume 

7 How would you show by experiments that only a portion 
ot the air 18 consumed m (a) burning, (h) niating ? 



CHAPTER V. 


Nitrogen. 

Occurnnce. Nitrogen is found in nature both in 
the free and the combined state. Nitiogen in the free* 
state occurs in the air, of which it forms about four- 
fifths by volume. It is also present in small quan- 
tities in the volcanic gases. In the combined state it 
is widely distributed m nature in the form of nitrates. 
Nitrogen forms a necessary part of substances known 
as proteids which are present in plants and animal 
tissues. 

Preparation. (1) Nitrogen can be prepared by 
the removal of oxygen from the air. As already studied 
in Chapter IV; oxygen can be removed fiom air by 
burning phosphorus, or allowing iron to rust in an 
enclosed air under a bell jar. Nitrogen obtained in any 
of these ways contains argon and other gases and thus 
IS not quite pure. 

(2) Pure nitrogen in the laboratory is obtained 
by heating ammonium nitrite, the chemical action 

Ammonium nitrite =Nitrogen+ water. 

Ammonium nitrite being a ra'-e substance, in the 
laboratory a mixture of sodium mtnte and ammonium 
chloride is heated. The chemical action takes place in 
two stages as shown below: 

Ammonium chloride+ sodium nitrite 

=Ammonium nitrite+sodium chloride. 

Ammonium nitrite=Nitiogen+ water. 

Experiment 43. Take a round bottomed hard 
glass flask fitted with an air-tight cork through which 
passes a delivery tube. Fit the flask on a stand. Remove 
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thj cork and put a little of the mixture of ammonium 



A — mixture of ammonium chloride and sodium nitrite. 

D— delivery tube. B— Beehive shelf, W — trough of 
water. 

N — nitrogen 

chloride and sodium nitrite m the flask. Add some water. 
Reinsert the cork. Dip the other end of the delivery tube 
in a trough of water under a beehive shelf. Heat the flask 
gently using wire gauze. Bubbles of gas begin to rise 
m water. Allow a few bubbles to escape and then collect 
the gas m jars over water as shown in Fig, 16, Perform 
the following experiments. 

Experiment 44, Examine a jar full of the gas and 
note the gas has no colour. Smell and taste the gas. It 
has no smell or taste. 

Put wet pieces of litmus paper, red and blue, 
into a jar full of the gas. Notice the gas has no 
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effect on either litmus paper. Nitrogen is neutral to 
litmus. Notice that water does not rise in the 
cylinder, showing that the gas is practically insoluble 
in water. 

Experiment 45. Lower a lighted candle into a jar 
full of the gas ; it at once goes out. Note also the gas 
does not burn itself. 

Properties of Nitrogen : 

Physical. Nitrogen is a colourless, odourless, and 
tasteless gas. It is very slightly lighter than air, it is 
very little soluble in water. It may be liquefied by 
strong cooling and increased pressure. 

Chemical, It neither burns itself nor allows things 
to burn in it. It is neutral to litmus, and does not 
turn lime water milky. It is not poisonous, but animals 
die in it for want of oxygen. It is a very inert 
gas and combines directly with very few substances 
With magnesium,' and calcium it combines directly 
at high temperature forming nitrides of magnesium and 
calcium ; 

Magnesium+ nitrogen =Magnesium nitride. 

Calcium+ nitrogen =Calcium nitride. 

Uses. Nitroaen in the air dilutes the oxygen, 
weakens its powers, and mikes combustion much less 
intense than it would otherwise be. Atmospheric nitrogen 
IS nowadays converted into its compounds with the help 
of electricity. 

Oxygen 

Occurrence Oxygen occurs as a gas free in the air 
to the extent of 23% by weight or 21% by volume. It 
occurs in combination in water, m almost all rocks, in 
plants, and in animals. ,It forms about 50% of the 
weight of the crust of the earth and is the most plentiful 
element known. 
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Prijinrahon — ■(!) Small quantities of oxygen can 
be prepared by heating strongly red oxide of mercury, 
when oxygen is given out and mercury left behind : 

Mercury oxide =Mercury+ oxygen. 

Experiment 46. Put a small quantity of red oxide 
of mercu''y in a hard glass test-tube and heat over a flame. 
The red powder turns black and a mirroi of mercury 
IS formed on the cooler part of the tube. Take a 
glowing splinter of 'wood into the test tube, it bursts 
into flame. 

Other oxides which give oxygen on heating are red 
lead, manganese dioxide, barium oxide, etc. 

(2) Oxygen is also prepared by heating strongly 
Ipotassium chlorate : 

Potassium chlorate ^Potassium chloride+ oxygen. 

If potassium chlorate is mixed with sand or black 
manganese dioxide, the oxygen from the chlorate comes 
off much rapidly and at a much lower temperature. 
This mixture is often spoken of as "oxygen mixture". 
The manganese dioxide takes no actual part in the 
chemical change. It helps the pomssium chlorate to 
give off Its oxygen more easily and more rapidly. Such 
a substance as makes a chemical action go much 
faster without itself undergoing any permanent 
chemical change at the end of the action is called a 
caialyUc agent. Hence 

(3) In the laboratory oxygen is obtained by 
heating the mixture of potassium chlorate and manganese 
dioxide (oxygen mixture). The chemical action that 
takes place is : 

Potassium chlorate-|- manganese dioxide, 

*=Potassium chlonde+oxygen-t-manganese dioxide. 
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Experiment 47. Fii up apparatus as in Fig. 17. 
It consists of a haid glass test tube fitted with an air 
tight cork thiough which passes a deliveiy tube whose 
other end dips in a trough of water under a beehive 
shelf. Fit the tube in a clamp stand. Remove the 
cork and mix about 10 grams cf powdeied potassium 
chlorate with about 3 grams cf powdered manganese 
dioxide and put this oxygen mixture m the hard 
glass test tube. Reinseit the coik and heat gently 



T=^hard-glass test tube. D— delivery tube. 

B — beehive shelf. W — trough of water. O — oxygen. 

beginning at the end nearer to to the cork and moving 
backwards. Bubbles of the gas begin to rise in water. 
Allow a few bubbles to escape and then rollect over 
water, four or five jars of the gas. Keep each of 
them covered with a glass disc. At the end 
of the experiment remove the end of the delivery 
tube from under the water and then the burner ; 
otherwise water will rush into the deliveiy tube and 
crack the test tube. 

Let students find out the reason for this. 
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Mannfacture of oxygen. (1) On a large scale for 
industiial purposes oxygen is obtained fiom the air. 
Air IS liquefied by intense cold and great pressure in 
specially designed apparatus and is allowed to eva- 
porate. Liquid nitrogen boils at a lower temperature 
than liquid oxygen Nitrogen, therefore, evaporates 
first, and the liquid left behind becomes richer and 
richer m oxygen. In this way fairly pure oxygen is 
obtained in large quantities. 

Formerly barium monoxide (Baryta) was heated 
to dull redness in air ; it took up oxygen to form 
barium peroxide which on further heating to bright 
redness gave up its oxygen which was collected for 
use. This method for the preparation of oxygen on 
a large scale is known as the Brin's process. This 
method is no longer in use now-a-days, 

(2) Oxygen can also be obtained on a large scale 
from water by electrolysis (Se* Electrolysis of Water). 

Take the jars in which oxygen has been collected 
and peiform the following experiments : 

Examine a gas jar and note the gas has no colour. 

Experiment 48. Remove the disc and smell and 
taste the gas. It has no smell or taste. 

Put moistened pieces of litmus papers, red and blue, 
into the same jar. Notice the gas has no effect on any 
of the litmus paper. Oxygen is neutral to litmus. 
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Experiment 49. Introduce a srnouHpnng splinter 
into a jar full of the gas. The splinter rc -kindles. 


Experiment 50. Lower a burning 
candle into a jar full of the gas. It burns 
more brightly. Cover the jar with a disc. 
When the candle goes out, remove if, 

I 

add i little freshly-prepared lime water 
in the jar and shake it. The lime water 
becomes milky, showing that carbon 
dioxide is produced. (Fig. 18.) 



Fig 18. 


Experiment 51. Put a little powdered sulphur 
in a deflagrating spoon and heat it 

over a flame. When sulphur begins to 
burn lower the spoon into a jar full 
of oxygen. The sulphur burns with a 
beautiful bluish flame. 

Experiment 52. Repeat the above 
experiment with a piece of yellow phos- 
phorus, in another jar. The phosphorus 
burns with a dazzling light and dense 
white fumes fill the jai. „ 

Into the jars add a little of blue pjg 
litmus solution ; it turns red. Why ? D, S. defla- 

grating spoon^ 



Experiment 53. Take a dry piece of sodium or 
potassium into a deflagrating spoon and heat it over 
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a Came. When it starts burning, lowei it into a jar 
full of the gas. It burns with a bright yellow light. 

Put m the )ar red litmus solution ; it turns blue. 
Why ? 

Experiment 54. Heat a bundle of steel wires 
or a fine coiled steel wire very 
strongly till it becomes red-hot, 
and lower it mto a jar full of the 
gas. The wires burn giving out 
a showei of bright sparks. 

Pro] frtHS of Oxygtn . 

Pht/iical, Oxygen has no 
colour, smell, or taste. It is very 
slightly heavier than air. The 
gas IS only slightly soluble in 
water. This small amount of Fig 20 

oxygen dissolved id. water is suffi- S— coiled steel wire 
cient for the respiration of fish. 0— oxygen. 

Oxygen has been liquefied and solidified under 
reduced temperature and high pressure. The liquid 
oxygen is pale blue m colour and the solid is white 
like snow. 

Ghtmxral. (i) Oxygen is neutral to litmus. 

(i») It does not burn itself but supports 

burning. 

{ill) In oxygen things burn more brightly 

than in common an. 

(if) Substances like iron which do not burn 
in air, burn in oxygen. 

(«) Substances like sulphur, phosphorus and 
charcoal burn in it forming substances which tuin blue 
litmus solution red. 
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(y») Substances like sodium, potassium and 
magnesium burn in oxygen to form compounds that 
tuin red litmus solution blue. 

(vii) It IS vpiy active and combines with most 
of the elements at high temperature forming com- 
pounds called oxides. 

Test jor Oxygen, Introduce a glowing splinter of 
wood into a jar full of the gas ; it bursts into a flame. 

Uses of Oxygen, (t) Oxygen m the air supports 
animal and plant life, and is necessary for burning of 
substances. 

(ii) Compressed oxygen is used for artificial 
lespiration in hospitals, at high altitudes and in sub- 
marines. 

(nt) Mixed With hydrogen it is used in the 
oxy-hydrogen flame for welding and cutting metals. 
If a compi essed piece of quicklime is held in this 
flame, it gives an intensely white light known as the 
hme-liglit. 

(%v) Mixed with acetylene it produces oxy- 
acetylene flame which is used in welding metals. 

Reduction. The process of reduction is the reverse 
of oxidation. The removal of oxygen from any com- 
pound in part or totally is called reduction. Mercury 
oxide on heating is reduced to mercury, and oxygen 
gas IS given out. Most of the oxides of metals such as 
Ziac oxide, aluminium oxide, etc., when heated with 
coal under suitable conditions are reduced to the metal. 
Barium peroxide on heating alone is reduced to barium 
oxide and oxygen gas is given out. As we shall read 
later on hydiogen gas also reacts with some Substances 
resulting in either the removal of oxygen from that 
substance or merely the addition of hydrogen to that 
element or compound. The action of hydrogen in this 
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way IS also called reductioti, e.g., the combination 
of hydrogen with chlorine. The reduction is the 
removal of oxygen or the addition of hydrogen 
to any substance. Hydrogen, caibon and other 
substances that can bring about reduction are 
called reducing agents, Conver-sely oxidation is either 
the addition of oxygen to any element or compound or 
the removal of hydrogen f om any compound ; 
e.g , when lead melts in air and is stirred it is oxi- 
dized to lead oxide, non is oxidized to iron oxide 
(rust) in moist air. Similarly when sulphur burns 
111 air or oxygen it is oxidized to sulphur dioxide. 


Oxidation and Combustion The combination of 
a substance with oxygen is called oxidation and the 
substance is said to be oxidized. Like other chemical 
actions heat is produced in oxidation ; but the produc- 
tion of heat IS so slow that it diffuses away and 
little rise in temperature is noticed, as is the case with 
the rusting of iron. 


When the combination of oxygen with a sub- 
stance IS rapid and is accompanied by both heat and 
light the process is called combustion. A substance 
that burns in a gas is called a combustible substance, 
and the gas in v/hich the substance burns, is called a 
supporter of combustion. Thus substances like candle, 
sulphur, or charcoal that burn in oxygen or air are 
combustible, while oxygen or air is a supporter of 
combustion. 

Some substances such as phosphorus oxidize slowly 
when exposed to air or oxygen without catching fire. 
Oily cotton lags, or damp hay oi leaves if stored in 
heaps exposed to air, become heated to the ignition 
point and catch fire. 



This slow process is known as auto-oxidation. The 
fading of coloured fabrics on exposure to light is usually 
due to oxidation 

The Oxides. When oxygen combines •'ith an 
element, the substance formed as called an oxide 


Thus 

Sulphur-t-oxygen^ Sulphur dioxide 

Iron+oxygen=Iron oxide. 

Sodiuni-(-oxygen=Oxide of sodium. 

The oxides are divided into thiee classes : 

1. The acidic oxides, 

2. The basic oxides. 

3. The neutral oxides. 

The acidic oxides are those oxides which dissolve in 
water forming acids ; oxides of sulphur, phosphorus, 
carb 0 n, etc. 

The oxides which when dissolved m water form 
bases are called the basic 'oxides ^ e g., oxides of sodium, 
potassium, etc. 

The oxides which have no action on litmus paper, 
are called the neutral oxides } e^., oxide of hydrogen, 
carbon monoxide, etc, 

I summaet 

Niirogm is prepnied {^) from air by tJie romoval of oxygsn 
from it and (^l) by heating a mixture of sodium uitnto and 
ammonium chloride 

PioperiiBS Colourless, odourless, tasteless, slightly lighter 
that air, a little soluble m water, neutral to litmus, moombuBtiblo 
non BupuoTtor of combustion, inert It weakens the power of 
oxygen of the air • 
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Oxygen is obtnmed by heatinii (ij red oxide of mercury or 
potef-aium chlorate , (it) in the laboratory by hoafcmii a mixture 
of potBBsiuin chlorate and mangunese dioxide The gas is collected 
over water 

Propertied' Colourless, odourless, tasteless, slightly Ik avier 
than air, only slightlj soluble in water, neutral to litmus, incombus- 
tible, but supports combustion, veiv active, things burn in it more 
brightly 

Uses rreressHry to anirnnla and plants, supports burning 
Used in artificial respiration 

Oxidation IB the union of rlements with oxygen When oxida- 
turn IS aeeouipamed with heat ana light, it is called combustion. 

When oxvgen combines with an element, the compound is 
called «n oxide The oxides are (t) ncidio, (ii) basic, (ill) neutral 

QUESTION'S 

1 How 18 nitrogen obtaii ed from the air ? Sketch the 
apparatus used It the nitrogen so obtained pure t 

2 How IS pure nitrogen obtained in the laboratory ? Describe 
the chief properties and uses of the gas 

3 What physical and chemical changes are observed when 
the following substances are heated in a test tube ? 

(а) Red oxide of mercury 

(б) Pofasaiimi olilorate 

(c) Bed oxide of load 

4. Describe the preparation of oxygen gas What experiment 
would you perform to show the pnperties of the gas ? 

5 Explain the terms giving examples 

(а) Catalytic agent 

(б) Reduction. 

(c) Oxidation 

6 What IS an oxide t What are the chief kinds ? How do 
they differ from one another ’ Give examples of each 

7 What changes taka place when a candle is burnt in a jar 
full of oxygen ? How would you show that these changes have 
taken place t 

8 Describe the properties of the two chief constituents of iiir 

In what proportion aie they found 7 A lighted taper burns more, 
brilliantly in oxygon than in air Why 7 {P.U 1920) 

9 How is oxygen obtained on a large scale for industrial pur 
poses ? 



CHAPTER VI. 


HYDROGEN AND WATER 

Occurrence. Hydrogen occurs m the free stale 
in volcanic gases, and in the outer atmosphere of the 
sun, It IS the chief part of coal gas and water gas. 
Hydrogen is more commonly found in the combined 
state. With oxygen it forms water, with sulphur it 
forms sulphuretted hydrogen, and with carbon it forms 
hydrocarbons. It is an essential constituent of acids 
and alkalies, and all animal and vegetable tissues. 

Preparatwri. (1) By the decompoavhon of water 
by metals at the ordinary temperature. 



S — sodium in wire gatiZe. 

H— hydrogen. 

Experiment 55. Take a small piece of sodium 
and wrap it in a piece of wire gauze. Throw it in a 
trough of water and invert a test tube full of water 
over It. (See Fig, 21), As soon as sodium is throwny 
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in wJijr, a hissing noise is produced and bubbles of gas 
rise and collect in the test tube by displacing the water. 


Remove the test tube keeping its mouth down- 
ward, and apply a burning taper at its mouth. It will 
be found that the the gas bums with a noise. 


Experiment 56. Rub a little sodium with an 
excess of mercury m a mortar ; a substance known as 
sodium amalgam is formed. Take a little of sodium 
amalgam in a crucible and 
put It in a trough of 
water. Clap over it a 
wide test tube full of 
watsr as shown in 
Fig 22. Bubbles of gas 
rise up m the tube. When 
a sufficient quantity of 
the gas ha. collected m 
the test tube, remove it 
with Its mouth down p,g 22 

wards and bring a burn- C— crucible containing sodium 
mg taper at its mouth. amalgam. 

Notice the gas burns H— hydrogen. W— water* 

with a noise. Dip a red litmus paper m the solution 
in the trough ; it is changed into blue. The solution 
feels soapy to tuch. 



j ® experiment, sodium reacts with 
water and hydrogen is given out, and caustic soda 
solution IS formed in the trough ; 

Sodium-4- watei =Sodium hydroxide f hydrogen. 

(Caustio ooda) , 

Like sodium, calcium and potassium also decom- 
pose water at the ordinary temperature. The action 
of potassium on water is so vigorous and so much heat 
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is given out that the hydrogen produced catches fire. 
Sodium and potassium are lighter than water but 
calcium sinks in water and the chemical action is 
compaiatively slow. 

(2) By the decomposition, of water by metals when 
heated. 

Some metals like iron, magnesium, zinc and 
aluminium decompose water when heated and hydrogen 
is obtained. 

Experiment 57, Fit up the apparatus as shown 
in Fig. 23. Put some iron filings in the hard glass 
tube and heat them strongly. Boil water in a 
flask ; and allow the steam to pass over the red-hot 
filings. Collect the gas in the jar as shown in the 
diagram. Test the gas m the jar as before ; it will 
be found to be hydrogen. 



Red hot iron decomposes steam, combines with 
the oxygen forming iron oxide and sets free hydrogen i 

Iron -p steam =Iron oxide hydrogen. 


(3) Decomposition of water by electricity. (See 
Electrolysis of Water). 

Water = Oxygen-f Hydrogen. 
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(4) From alkalies. Certain metals like Zinc and 
aluminium when warmed with solutions of caustic 
' soda or caustic potash produce hydrogen : 

Zinc V caustic soda=Sodium zmcate+ hydrogen, 

Aluminium+caustic potash =Potassium 

alumina te+hydrogen, 

(5) From acids. Hydiogen of acids is replaced 
by certain metals. Zinc, iron, magnesium, etc., when 
treated with dilute sulphuric or h^drochloiic acid, 
set free hydrogen. Dilute nitric acid gives hydrogen 
with magnesium only. 

In the laboratory, hydrogen is obtained by the 
action of dilute sulphuric acid on granulated zinc : 

Zinc+dil. sulphuric acid=Zinc sulphate 

+ hydrogen. 

Experiment 58. Fit up the apparatus as shown 
in Fig. 24. In the Woulffe's bottle put granulated 
zinc. Fit a thistle funnel in one neck and a delivery 
tube in the other. Pour water in the bottle to cover 
the pieces of zinc. See 
funnel dips under water 
air light. Pass the other 
end of the delivery tube 
under a beehive shelf in 
a trough of water. Add 
some strong sulphuric 
acid through the thistle 
funnel. A brisk efferves- 
cence takes place and 
bubbles of hydrogen will 
be seen rising in water. 

Allow some gas to escape 
and then invert a cylinder 


that the lower end of the 
and that the apparatus is 



Fi« 24 


A— Woulff's bottle. 
C — beehive shelf. 
H— hydrogen. 
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full of water over the beehive shelf as shown 
in Fig. 24. The gas will collect in the cylinder. 
Fill a few cylinders with the gas and cover their 
mouths with discs and keep them inverted over the 
table. 

PrecuMhows.— Keep the apparatus air-tight and do 
not bring any flame near it, otherwise it may break with 
an explosion. 

Experiment S9. Observe a jar full of the gas and 
note that it has got no colour. Remove the disc and smell 
the gas. It has got no smell and no taste. Put pieces 
of blue and red litmus papei in the jar. They remain 
unaffected. Hydrogen is neutral to litmus. 

Experiment 60. (a) Keep a jar of the gas with 
mouth upwards and uncovered for some time. Bring a 
burning taper near the mouth. There is no explosion. 
This shows that there is no gas m the jar, it has escaped. 

(/>) Take a jar full of hydrogen and invert over 
It an empty cylinder as 
shown in diagram 25. 

Remove the upper jar 
after some time. Take 
a burning taper near its 
mouth keeping it invert- 
ed all the while. The 
gas burns with an explo- 
sion. This shows that 
the gas has gone from 
the lower to the upper 
cylinder. There is no 
gas in the cylinder which was formerly filled with 
hydrogen. Hydrogen, therefore, is lighter than air. 



Fig 25 
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ExPEEiMENt 61. Hold 3 cylinder full of the gag 


with It"! mouth downwards 
and introduce into it a 
burning candle as shown 
in diagram 26. Hy- 
drogen burns at the 
mouth but the candle is 
extinguished. On taking 
out, the candle again 
starts burning on passing 
through the flame of bum 
ing hydrogen. 



Fig 


Experiment 62. Remove the delivery tube from 


the Woulffe's bottle and fit in its place a long 


drawn out tube as shown 
in Fig. 27. Pour 
more acid in the bottle 
and collect the gas by 
inverting a dry test tube 
over the jet. After a 
minute or two leinove it 
and bung a burning match- 
stick near its mouth. 
The gas will bum with 
a noise. Repeat this twice 
or thrice till the gas burns 
quietly with a blue flame. 
Carry this flame of burn- 
ing hydiogen to the jet 
fxom which the gas is 
escaping. The gas burns 



Fig. 27. 

A— Woulffe’s 
bottle with 
Zinc and diL 
sulphuric acid. 
B— hydrogen burn- 
ing, 

C — wide tube. 


with a pale blue flame, which after a time becomes yellow 
on account of the glass becoming hot. Invert over the jet 
a wide tube open at both ends. Move it up and down. 
There will be a singing noise. 
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Experiment 63. On the flame, place a clean beaker 
containing ice water. The beaker should be dried from 
outside. Notice the formatioj of drops of water on the 
outer surface of the beaker. 

Pure hydrogen. The hydiogen pieparad in the 
laboratory by Method 5 (Expeiiment 5S) is not pure. 
Pure hydrogen is obtained in the laboratory by the action 
of dilute sulphuiic acid on magnesium. The gas 
evolved is dried by passing it through a small flask 
containing strong sulphuric acid and is collected over 
mercury. 

Properties of Hydrogen : 

Physical. Hydrogen when pure has no colour, 
smell 01 taste. It is lighter than air, in fact tt is the 
lightest gas known. It is only very slightly soluble in 
water. 

Chemical, (t) It is neutral to litmus. 

(u) It burns with a blue flame but does not support 
combustion. 

(in) When mixed with air or oxygen, it forms an 
explosive mixture, 

(lu) When it burns, it combines with oxygen to 
fjim water ; 

Hydrogen + oxygen = W-a ter. 

(Water is, therefore, an oxide of h;,dj.ogen or hydrogen 
oxide), 

(w) It is a stiong reducing agent. 


Reduction. Hydrog^-n has a great tendency to 
unite with oxygen and is able to remove oxygen from 
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the compounds. Thus if hydrogcti is passed over 
heated copper oxide contained in a haid glass tube 
It takes up oxygen from copper oxide and forms 



Fi«. 28. 


A — hydrogen gentratmg apparatus. 

CO — copper oxide. 

C— calcium choride tube. 

|» 3 ter. Copper oxide is changed into copper : 

Copper oxide + hydrogen= Copper+ water. 

The water formed can be collected in tubes 
containing calcium chloride as shown in the diagram. 
(See Fig. 28.) Calcium chloiide has the propeity of 
absorbing water vapoui or moisture fiom gases. The 
removal of oxygen from a compound by its combination 
with hydrogen or some other substance like carbon or 
aluminium powder, is called Reduction, Substances like 
hydrogen, carbon, aluminium, etc., which remove oxygen 
from compounds are said to be Reducing Agents. The 
compound which loses oxygen is said to have been 
reduced. 

Uses of Hydrogen. Hydrogen being the lightest 
gas known is used for filling balloons and airships 
but It is being teplaced by coal gas and helium. 
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It IS used in oxy-hyarogen flame for cutting and welding 
metals like platinum and non and in the pioduction of 
lime-light. It IS chiefly used in converting liquid oils into 
solid fats. 

Tent If a burning taper is introduced in a jar full 
of hydrogen, the gas burns with a pale blue flame at the 
mouth but the taper goes out. 


Wateir. Water is so well-known a substance that 
It hardly needs any description. It is very widely dis- 
tributed in nature, nearly five -seventh of the surface of 
the earth is covered with water in oceans, seas, rivers, 
lakes, ponds, springs, etc. In the atmosphere it occurs 
in the form of water vapour. It forms a necessary 
part of all animal and vegetable substances. Next to air 
It IS the most important thing for animal and vegetable 
life. The human body contains 70 pei cent, of its weight 
of waiei. 


Water is so plentiful in nature that it is unnecessary 
to prepare it m the laboiatoiy. Its preparation 
simply involves the purification of a natuial watei by 
distillation. 

h 

Physical properties of water. When pure, water is 
a clear and tasteless liquid. Under ordinary ciicum- 
stances it may be regaided as colourless but m reality 
It has a faintly bluish tinge which is seen when light is 
passed thiough a long tube of water closed at the ends 
with pieces of plate glass. iThe deep blue colour 
of certain clear springs, like Panja Sahib at Hasan 
Abdal, Veiinag m Kashmir, is due to light scattered 
from fine particles of solid matter in suspension.) 
Like most substances, water exists m three states ; 
solid (ice), liquid (water) and vapour (steam). Tiue 
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steam is invisible. The cloud of steam which issues 
out when water is boiled is a mist of small droplets of 
Itciuid water. Ice in large masses shows a distinct 
faint blue colour. Water freezes at 0°C. and boils at 
100° C. Water expands when heated Its expansion 
IS peculiar. From 0°— 4«C , it contiacts, beyond 4°C 
It expands. Thus at 4°C water has got maximum den- 
sity, and then expands either on cooling or heating. It 
IS on account of this property that water freezes only on 
the surface. The density of ice is less than of water, so 
that ice floats on water. 1 c.c. of watei gives 1 09 c.c of 
ice . at the same temperature. Ice is a crystalline 
substance. 

On account of its great solvent power water does 
not exist pure in nature. In order to get pure water 
for chemical purposes, it is distilled Distilled water 
has an unpleasant, 'flat' taste, and foi dunking purposes 
It IS aerated. 

Natural waters. As already stated, water does not 
occur in a pure state. Even ram water which may be 
legarded as the purest form of natural water has got 
many gases dissolved in it besides the dust particles. The 
various kinds of natural water may be studied under the 
following headings ; (i) Ram-watei, («) River wajer, (n») 
Spring or deep well water, (tt) Sea water, and (u) Mineral 
watei. 

The impurities in natural watei s are of two kinds : 

(1) Suspended impuriiics, both mineral and organic } 

(2) Dissolved impurities, both solids (mineial and or- 
ganic), and gases. Organic impurities in water are 
due to the decay and growth of animal and vegetable 
matter. 

The amount and nature of impurities depend chiefly 
on the source of water. 
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Rain water. Water from seas, rivers, lakes, etc., is 
being constantly evaporated by the heat of the sun. The 
vapour rises up in higher and colder regions, becomes 
condensed and falls in the foim of lain. It is thus a 
process of distillation in nature on a very large scale. 
Rain watei, therefoie, should be pure. It, however, in its 
journey through the atmospheie dissolves the gaseous 
impurities in the air, e.g., ammonia, carbon dioxide, nitric 
acid, etc. Rain water becomes a bit purer after the first 
shower. Rain water collected in country-side is purer 
than that collected in town. Besides gaseous impurities it 
has got suspended in it insoluble dust particles taken from 
the atmosphere. 

River water. Ram water in the form of sti earns is 
carried to riveis. As water moves on the suiface of the 
soil It takes up salts and organic matter from the cultivated 
areas or decaying vegetable mattei or fiom sewages from 
cities which are thrown into rivers, and suspended matter 
such as clay. The nature of salts present in water, there- 
fore, depends upon the soil through which it passes.!’ 
Thus, if a river passes, through a limestone district. 

It contains calcium carbonate dissolved in it ; if it passes 
through a salt district, it contains salt, and 
so on. 

Spring or deep well water. The only difference 
between river water and spring water is that the latter 
does not contain suspended impurities as it undergoes a 
sort of filtration while passing through porous beds. The 
organic impurities also decrease but mineral impurities 
increase as water in its course through the porous 
layers dissolves many salts. Thus, the nature of impurities 
depends upon the soil through which the water 
passes. This water is quite good for drinking 
purposes. 
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Sea water. Rivers carry then impurities both sus- 
pended and dissolved to the sea. Evaporation is con- 
stantly going on, tlius inci easing the precentage of dissolved 
impurities. Sea water is the most impure form of all 
natural waters. The chief impurities are sodium chloride 
{ 2 ' 8 %) and biomides, sulphates and carbonates of calcium, 
magnesium and potassium. 

Mineral water When spring watei contains large 
amount of dissolved substance so as to give to it a marked 
taste, It IS known as ntneral water. Such water possesses 
often some medicinal properties. Such springs are common 
111 India. Mineial springs are named after the important 
substance dissolved in them. Thus, sulphur springs 
contain sulphuretted hydrogen dissolved m water. There 
are such springs at Anantnag (Kashmir), Namaldam 
(Mianwah), Jwalamukhi (Kangra) and Nathiagali (Abbotta- 
bad). These springs have the piopeay of curing skin 
diseases. 


The springs at Jwalamukhi contain bromide and 
iodide of sodium and potassium. There are chalybeate 
wateis winch contain iron carbonate dissolved in them. 
Again, there are some springs which contain carbon 
dioxide dissolved in a large quantity — effervescent sprinqs, 
Epsom salts are present in certain springs and they 
are used as purging places , e,g., Grot in 
Jheium district. Such a water is known as bitter 
water. 

Drinking water. It is of the hightest importance 
that drinking water should be cleai and colourless, 
and as free as possible from organic impurities. Many 
disso ved impurities, e.g., some mineral salts are quite 
haimless. Water becomes foul when it contains oisamc 
impurities and harmful bacteria which may be the 
cause of cholera and typhoid diseases. Drinking 
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\wler in cities, as already mentioned, is made liarniless 
by filtering it through beds of sand and giavel. It is 
exposed to air and sunlight to kill germs, and in some 
places the germs are destroyed by adding chlorine or 
bleaching powder solution. River water, especially When 
It passes neai a city, should not be used for drinking 
purposes. The source of water supply in a city should be 
kept free from contamination. 

Hard and Soft water When we wash our hands or 
clothes in rain water collected in tanks with soap, we find 
that a lather is produced easily If we use river water, we 
notice that lather is not formed so easily and that more 
soap IS lequncd to produce lather. Water in which soap 
latheis easily is called A’o/i water and the other in which 
lather is produced with difficulty is teimed as Hard water. 
In the case of hard water, soap produces a cuid-like 
precipitate which floats on the surface. 

Causes of hardness If we use ram water oi distilled 
water for washing purposes we see that soap lathers readily, 
but if we use aver water we see that much soap is to be 
washed befoi e we get good lather. Ram watei or distilled 
watei does not contain impurities dissolved in it, but river 
water contains a large amount of dissolved impurities. 
Hardness, therefore, must be due to the presence of 
dissolved impunties in water. Water has generally got 
carbon dioxide dissolved in it m the form of carbonic acid. 
The presence of carbonic acid in water imparts to it the 
property of dissolvmg chalk (calcium caibonate) to a laige 
extent. The calcium carbonate, however, is not present 
as such in water but is present as a bicarbonate; 

Water+calcium carbonated- carbon dioxide 
= Calcium bicarbonate + wa ter. 
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It IS the pi'cseuce of this salt and other salts of calcium 
and magnesium which renders water haid. The extent of 
hardness differs with different kinds of water. Sea water 
IS the hardest of all, next comes river or spimg water and 
ram water is usually soft. 

Experiment 64. Prepare a soap solution by heating S 
shoes of pure soap in distilled water. Take three! 
stoppered bottles, one containing 20 c.c. of distilled water, 
the other 30 c.c of tap water and the thud 20 c.c. of 
water in which magnesium sulphate has been dissolved, - 
Add to each 20 c.c. of soap solution and shake well and j 
allow to stand. Notice that lather is foimedvery readily < 
in distilled water, not so readily in tap watei and that! 
cuid-like specks are formed in the thud case Put more, 
soap solution m the third, bottle and shake. Now you will 
get a lather. 

It win be seen fiom the above experiment that distill 
ed water requires the least quantity of soap solution while 
water containing magnesia in it the greatest. Hence this> 
water is very haid. . 

Experiment 65. Pass carbon dioxide in a beakei, 
containing freshly piepared Imie-water. Notice thaii 
lime-water becomes milky. Continue passing caiboi 
dioxide in it for a long time till the milkiness disappeai 
and the watei again becomes clear.. Take 20 c.c. of thr 
liquid in a beaker and find out the quantity of soap solutior 
required to foim peimanent lather. Boil the remainiHj 
liquid and see that it again becomes milky. Allow it ti- 
stand and cool. Then take 20 c.c. of this cooled liquid t 
a beaker and find out as above the quantity of soaj 
solution required to produce permanent lather. In anotht 
20 c.c. of the clear liquid add a little lime water and thei, 
find out the quantity of soap solution required to prodtit 
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peirranent lather. Fiom these experiments it will be seen 
that more soap solution will be lequiied m the first than 
in the second and thud cases. 

Experiment 66. Take some water which contains 
magnesium sulphate dissolved in it. Boil the solution and 
allow It to cool, Take 20 c.c. of this solution and find out 
the amount of soap solution required to produce lather. 
It requites a laige amount of soap solution to form 
permanent lather. 

As already stated, water containing carbon dioxide 
dissolved in it is able to atttack calcium carbonate and 
holds It m the form of calcium bicarbonate. The change 
is the same as m the case of Experiment No. 65 when we 
pass carbon dio.xide m Imre water for a long tune. The 
lime water turns milky on account of the formation of 
calcium carbonate which being insoluble in water remains 
suspended m it and imparts to it a milky appearance. 
When moie cat bon dioxide is passed through this water, 
calcium caibonate combines, with carbon dioxide and 
forms c.alcium bicarbonate : 

Culeuim oxide lu solution -|-oarbou dioxide 

(Limc-wator) 

= Caloium carbonate-|- water 
Calcium carbonat 0 -|-aarhon dioxide-|-water= Calcium bicarbonate 

.p water 

It IS the calcium bicaibonate in water which makes 
watei hard. We have seen in the above experiment that 
if such water is boiled, less quantity of soap solution is 
lequired to produce permanent lather or It becomes soft. 
The reason is that when this water is heated calcium 
bicarbonete is decomposed, gives up carbon dioxide anc 
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forms calcium carbonate. Calcium carbonate is insoluble 
in water and settles down, thus making the watei soft ; 

heat 

Calcium bicarbonate -^Calcium carbonate (insoluble] 
+ carbon dioxide + water. 

In Experiment No. 66 we find that even after boiling 
curd-hke precipitate is produced or, in other words, the 
water is not rendered soft. Water which on boiling be- 
comes soft IS known as Te.nvporary Hard water and the 
other which does not lose its hardness on boiling is termed 
as Pemnneni fim'd water. Temporary hardness o f water 
IS thus due to calcium, magnesium and iron bicarbonate in 
water. Permanent hardness is due to the sulpha tes and 
chlorides of calcium and magnesium, 

Softtning of hard water. We have seen above that 
temporary hard water can be softened by boiling it when 
carbon dioxide is diiven out. In the Experiment No. 65 
while taking 20 c.c. of liquid m which we add some 
lime-water, we find that a small quantity of soap produces, 
lather or in other words the addition of lime-water softens 
the water. Thus another method of softening temporary 
hard watci is to add an exact quantity of lime-water to it. 
The lime reacts with calcium bicarbonate and produces 
insoluble calcium carbonate which settles at the bottom 
and the water is rendered soft. 

Calcium bicarbonate -1- calcium oxide (in water) 
=Calcium carbonate (insoluble) + water. 

Similarly magnesium bicaibonate is removed but by a 
larger quantity of lime. 

Permanent hardness, as already mentioned, is due 
to compounds of calcium and magnesium (chlorides 



and sulphates). These arc soluble in 'water and hence 
cannot be removed by boiling. Lime also has no effect. 
In order to remove permanent hardness, washing soda 
IS added : 

Calcium sulphate op ohloride-^Bodium carbonate 

(waahiag soda) 

Calcium carbonate (insoluble)-^ sodium sulphate or chloride soluble 

Mugoeaium sulphate or chloride -j-aodium carbonate 
t^Magnosium carbonate (inaolublej_|_Bodiura sulphate or chlmde 

(aolub 1-e) 

The insoluble carbonates settle at the bottom and 
the water becomes soft; whereas sodium * salts have no 
effect on soap solutions. 

The method usually employed is distillation. 
Distilled water, as already stated, is soft. 

In many cases both calcium or magnesium bicar- 
bonates and their chlorides or sulphates are present m 
water, Such water will only be partially softened by 
boiling' and the boiled water will require an addition of 
washing soda to soften it completely. Again sodium 
chloride m water makes the production of lather difficult 
and requires a large quantity of soap to be wasted, 
because soap is not soluble m salt water as is the case with 
sea water, A special kind of soap known as marine soap 
IS used for washing purposes with the sea water. 

Gonsequencei of hardness of xvater. When hard water 
is used in a steam boilei, salts deposit on the tubes of the 
boiler as 'boifei crust’ or 'fur' which does not allow heat 
fiom the metal to reach the water readily. The li^'e of the 
boiler IS shortened. If the crust is not removed, the boiler 
may explode. Hard water used for washing in the 
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household or laundry, results m the waste o£ a large 
quantity of soap because much of the soap is hist used up 
to remove the salts in solution in the form, of precipitates. 
It IS after the romoval of salts only that a lather will be 
produced and the clearing effect of soap begins, 

Chemical properties of water. It has been alieady 
seen that water combines with the oxides of metals such as 
those of sodium and potassium to form bases; and with 
the oxides of non-metals such as sulphur, phosphorus, 
etc., to form acids. 

Water has the property of combining directly with 
many salts Such salts crystallize out from theii aqueous 
solutions with a definite proportion of watei known as the 
uater of Cl tistallizaUun. "fbus crystals of alum, copper 
sulphate, borax, nitre, always contain a definite pioportion 
of watei of crystallization. 

In the preparation of hydiogen we have studied tiat 
the action of metals on watei differs with the n atnre of 
metals, Metals, like sodium, potassium and calcium, 
decompose it at the ordinary temperatuie; iron, zme, 
magnesium, aitmimum do so only when heated and gold 
and sflvci do i ot decempose it at all. In the case of 
decomposition, the oxide tf the metal is pioduccd and 
hydiogen is set free. 

Composition of water. Water is composed of oxygen 
and hydiogen in the ratio cf 1;2 by volume and 8:1 by 
weight. The corapoiition of water by volume can be 
determined by (i) analysis of watei, i.e , breaking il up 
into Its constituents, and (ir) synthesis if., preparing: 
water by combining oxygen-'and hydrogen- 
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Analysis oj water. 

Experiment 67. In a voliametei put some 
acidulated water Invert two test tubes of the same 
si?e and shape full of acidulated water over the electrodes. 
Connect the mnding screws with the poles of a battery 
with copper wires. Bubbles of gas begin to use fioni 
each electiode and collect in the test tubes. Allow the 
current to pass for about half an hour. You will find 
that the volume of gas in the tube above the kathode is 
double the volume of gas in the tube ovei the anode. 
Stop the current and remove the test-tubes. Test the 



A.— anode, O— oxygen 

K— kathode. H — hydrogen. 

gaScS. The tube over the kathode contains hydiOgen 
and the other oxygen. Sulphtuic acid is added to make 
the water a conductor of the current. Pure water is a 
non-^conductor. 

SyfiUesis vf water. The composition of water can 
be mMe accurately determined by taking hydrogen 
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and oxygen m the ratio of 2:1 in a Eudwmeter tube 
and making them combine by passing an electric spark 
in the mixture. 

Experiment 68. Take a Eudiometer tube — a 
graduated glass tube closed at one end and having 
two short platinum wires fused near the closed end 
(See Fig. 30.) Fill it 

completely with mercury, 

close Its mouth with your 
thumb and invert it 
carefully in a trough of 

mercury. Pass m to the 

eudiometer tube oxygen 

and hydrogen m the 

ratio of 1 ; 2. Now 
connect the platinum 

wires with the poles of 

a battery. Sparks aie 
produced and an explo- 
sion occurs. After a 

time mercury rises up and 
completely fills the eudio- Fig. 30 

mete r tube the volume of M— mercury. 

water foimed being very small as compared with that 
of the original gases. Droplets of water are seen on the 
walls of the tube after cooling This experiment clearly 
shows that water is made up of two volumes of hydrogen 
and one volume of oxygen. If any of the gases is used 
111 excess, it is left behind, 

Comfosiiion of water by weight The composition of 
water by weight can be detcririred by passing pure and 
dry hydrogen over a weighed amount of heated copper 
oxide Hydiogen reduces copper oxide into cooper 
and forms water which is collected and weighed 
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Experiment 69. Arrange the apparatus as shown 

in the Fig. 31. A is 
the apparatus for 
the preparation of 
hydrogen better by 
the action of mag- 
nesium on dilute 
sulphuric acid. Hy- 
drogen IS passed 
through B containing 
strong sulphuric acid. 

The dry hydrogen is 
then allowed to pass d— calcium chloride tube, 
through 0 , a hard A— hydiogen appaiatus. 
glass tube containing B— strong sulphuric acid, 

copper oxide. Weigh c— coppei oxide, 

the tube c, with its 

connecting tubes and copper oxide. Weigh the U- 
shaped tube d, containing calcium chloride to 
absorb the watei formed. Connect the appaiatus. 
Pass hydrogen to drive out au fiom the apparatus. 
Then heat the tube containing copper oxide from end 
to end so that it may not break. Before heating see 
that the apparatus is air-tight. Continue heating till 
the whole copper oxide is i educed to copper. Stop 
heating but continue passing hydrogen till the tube is 
cooled. Disconnect the apparatus. Weigh the 

tube c with Its contents and connecting tubes. Then 
weigh the U-sha^ed tube d. Calculate as follows 
Weight of hard glass tube (c) with 

connecting tubes and copper oxide = 45 gm. 
Weight of U-sh.iped tube (d) with its 

contents = 80 gm. 

Weight of (c) after the expeiiment = 42‘6 gm. 




.'.Weight of oxygen lost =45— 42'6 = 2*4 gai, 

Weight of U-tube aftei experiment = 82'7 gm, 

Weight of water formed == 82 • 7 — 80 =2*7 gm, 
Weight of hydrogen =2.7— 2'4= .3 gm. 

Hence the ratio between oxygen and hydrogen 
= 2 * 4 : • 3 or 24 ; 3 or 8 ; 1. 


SUMMARY. 

Hviliriygn lb prepared in tha laboratory by tho action of dilute 
siilplmrio acid on zinc 

PlopcHies Hydrogen is o colourless, taetolcsa, odourless, 
lightest known gas and very slightly soluble m water It is neutral to 
litmus It burns with a blue Homo but does not support comb- 
ustjon Wi,en it burns in air or oxygen Water is produced It is a 
reducing agent It forms an explosive mixture when mixed with 
air 01 oxygen It is used m oxyhydrogen llunio for fusing and welding 
metals It IS used in filling balloons and air-abipia and lor solidify- 
ing fats 

Tent It burns with a blue flame but does not allow the taper 
to burn in it 


Tl'o(e) Water is found lu nature as rain water, sen water, river 
Water, spring water and mineral water Bam wator is the purest 
form end sen water the most impure form of water m nature 
Natuial water contains both suspended and soluble impurities 
Soluble impuritits such as bicarbonate, cblonuts and sulphates 
of calcium and miigrioBium render water hard 

Hard water is tliat in which soap lathers with difficulty. 

Soft wator is that in which soap lathers easily 
Hardness of water is either temporary or permanent. 

Tempornry haiduese is removed by (t)boihng, (rt)by adding lime. 

Permanent hardness is removed by (t)waBhing soda, or (ii) dis- 

tillntion- ' ' 


Potassium, sodium, and calcium liberate hydrogen from cold 
water Magnesium, zmo and iron liberate hydrogen from steam 

Ltold and nlver have no action on either cold or hot water 


Two volumes ofhydrogen unite with one volume cf oxvcen to 

form water Eight parts of oxygen by weight untewith one part of 
hydrogen by weight to form water Water is decomposed into its 

elements by passing clef trio current through it It is .formed bv 
passing eicetne sparks m a mixtuie of two volumes of hydrogen 
and one volume of oxygen ^ “ 
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QUESTIONS 

1, Ddsonbo the preparation and chief properties of hydrogen 
Sketch thoapparahis State the chief precautions to beobaeivedin 
tlio prepaiutiun of this gas 

2 Hydrogen is said to be aa element, \ 7 aber a compound Wha b 
practical proof can you give of the fciiifch of these etatomenta 

3 Deaonbe an oxpecimeut to show that water is an oxido of 
hydrogen, 

4 A number of cylinders are fillod with a gas, which may bo 
Qither hydrogon or nibrogaa How would you find experimentally 
which gas IS present ’ 

6 Describe two differont methods by which hydrogen maybe 
obtained from water 

6 Hydr.igen is paesad over strongly heated, coppor oxide Des- 
cribe the changes which take place and name the substances 
produced 

7 What do you uudorstand by the terms analysis, aynthesis i 
Explain how the oompoaition of water may be shown (0 by analysis, 
(^^) by synthesis 

8 Describe what oooura when steam is passed over red-hot non 
Sketch and describe the apparatus used 

9 How will you show ihat air contains one of the conaituentg of 
water 

10 What IS a voltamoter ? Explain how it la used to debormine 
tho composition of water by volume 

11 Explain what is meant by dissolved 'Ejnd suspended im- 
puntiea in natual wster How tan thea© be removed ? 

12 In what roapeota do ram water, river water and sea wator 
differ from one another ? How would you prepare fresh water from 
a dirty sample of a«a water ? 

13 You are supplied with some muddy river water How would 
you proceed to purify it ? Sketch the apparatus ynu would ueo 

14 ^iito a careful account of the action of heated magnesium 
and iron on steam 

15 Define the terms ‘hard' and ‘soft’ in relation to water, 
Diatmguish between temporary an permanent hardness, state and 
explain the action of soap on hard water, How may permanently 
hard water be softened ? 

Ib ‘Wilts a brief account of natural waters 

17 Diatinguigh between temporary and permanent hardness of 
water Nsnie the aubstances to which each la respectively due How 
can temporary and permanent hardness be removed from water ? 

IS Hard water 18 (a) boiled, (6) mixed with lime-water, {cpiiixed 
With washing soda Dasenbe and explain whut happens in each cuae 
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SULPHUR. 

Occurienee Sulphur occurs in nature both in 
the free and m the combined state. Free or native 
sulphur IS abundant in volcanic districts m Sicily, 
America, Japan and China. In India large deposits 
are found at Sa.ini, in Kelat State. Small quantitities 
are found on the volcanoes of Koh-i-Sultan m Balu- 
chistan and Jwihmukhi in the Punjab. The crude 
sulphur IS very impure and contains as impurities 
pumice stone and other minerals. 

In the combined state it occurs in the form of 
metalhc sulphides and sulphates. Combined with hv- 
drogen, it is fou ad as sulphuretted hydrogen. Sulphide 
13 a compound of a metal with sulphur Some common 
sulphides met with in nature are (1) Galena — lead 
Sulphide , (2j zinc blend — zinc sulphide ; (3) iron 

pyrites — iron sulphide and (3) copper pyrites — 
copper sulphide Then compounds are the ores of 
rhs metals,- t,?., metals are extracted from them easily 
and cheaply. 

The common sulphates, > e , compounds of sulphur, 
oxygen and a metal ate,— (1) Gypsum— calcium sul-^ 
phate ; (2) heavy spai oi barium sulphate and (3) 
magiesia ( Epsom salts )— magnesium sulphate. 
Gypsum is very common in the Punjab in the Salt 
Range. 
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Sulphui :s a constituent of eggs, onions, garlic, 
mustard' etc , and also hair and wool. 

Extraction. Native aulphui is always more oi 
less mixed with earthy and niineial impuiities, from 
which It IS necessary to free it. The process is cairied 
out as follows:— 

Native sulphur is piled up in a brick kiln on a 
sloping flooi, vertical air spaces being left at intervals. 
They are covered with powdei oie. The ore is 
kindled af the top, and the heat produced by the 



Fig 32 


K — kila 

— molten sulphur 

burning of a part of sulphur melts out the remain- 
der, The melted sulphur runs down the sloping floor 
and is collected into wooden moulds. This is a waste- 
full process, as much of the sulphur is burned away. 
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The sulphur obtained by the above piocess is 

further refined by distiHa- 
tion m iron retorts. The 
vapours are passed into a 
brick chamber. At first 
the vapour condenses on 
the old walls as a light 
yellow crystalline powder 
called Flowers of Sulphui. 

As the walls become hot 
this melts (unless it is 
removed) and runs down 
as a liquid to the bottom, 
from where it is run off 
into moulds and cast into 
sticks known famihaily as 
'bum stone'. or roll 
sulphur'. Fig 33 

p — lurtiaco E — exit 
P — retort p) — chminey 

Sulphui IS also pre- C— cold chamber 
pared by roasting non S— sulpbm 
pyrites in kilns where iron oxide and sulphur and 
sulphui dioxide are formed. 

Iron pyrites=Iron oxide+sulphur dioxide 
+sulphur 

Physical prop rites of splplmr. Sulphur is a 

pale yellow, brittle, crystalline solid. It has got a 

faint odour but no taste. It is insoluble in water but 
IS soluble in carbon disulphide. Its density is 2*06, 
It IS a veiy bad conductor ol heat and electricity and 
when rubbed with flannel oi catskin becomes charged, 
It melts at 114°C., into a thin, pale yellow, amber- 
coiomed liquid. When heated further, its colour 
darkens and it becomes thicker and thicker till at 
about ISOo C., It becomes almost black and so thick 
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that It can no longei poured from the vessel. On 
further heating the liquid becomes thin but Femains 
black in coloui. At 444“ C, the liquid boils and is 
converted ii^o daik orange vapour. On cooling, the 
above are reversed 


T 70; Heat some powdered sulphur 
L-#- test tube and study .the changes as des- 


E: 

in a clea- 
cribed abov* 




The /flH|ropfc Modification of sulphur. Sulphur 
occurs, mainl ^*^ three di^rent forms, two crystalline 
and aflftphous. ^he crystalline varieties are 

rhomWic or .^tahedral and the monoclinic or pris- 
matic sulphuiV the amoiphous is known as the 
plastic sulphu\.^ This property possessed by certain 
elements of existing in more than one form with diff- 
erent physical properties is known as allolropy and the 
less common forms are said to be the alloUopic modi- 
jicationa or alMropes of the more common foim. We 
shall come across other examples of elements showing 
allotropy laterj on. 

Rhombic or Octahedral Sulphur. 


Preparation, % Experiment 71. Take some pow-i 
dered roll sulphur in ^ dish and add carbon 
disulphide to it. The sulphur dissolves. Filter 
the solutio:|ii in a clean dish and allow the filtrate 
to evaporate. , Pale yellow oc^hedigl crystals^will 
be formed. This is rhombic sulphur. Don’t’^ing 
a flame near carbon disulphide but simply keep 
It exposed to air. 


Properties, It is a pale yellow crystalline substance 
with density 2'03 to 2'0*6 and melting point 114". It is 
insoluble in water but is soluble in carbon disulphide. 
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It IS the stable form at the ordinary temperature and 
all other forms pass into it On standing. Roll sulphur 
and floweis of sulphur contain this variety. 

Priimatic or Monoclinic sulphur 

Prcjiaration Experiment 72. In a dish put some 
powdered roll sulphur and heat it over a sand bath. 
When the whole of it has just melted allow it to cool. 
A crust will be formed on the surface. Make two holes 
111 the crust with a pointed glass rod and pour off 
the liquid. Remove the crust carefully. You will 
find inside the dish fine, transparent, needle-shaped 
crystals of prismatic sulphur. 

Properties, Its density is 1 • 96 and melts at 19 qC. 
It is insoluble m water but soluble in carbon bisul- 
phide. On evapoiatmg the solution we get rhombic 
sulphui. Rhombic sulphur when heated above 900C' 
gives this variety. 

Plastic Sulphur. 

Preparation. Eperiment 73. Take some powder- 
ed loll sulphur 111 a dish and heat it, it melts into a 
liquid ; heat it further till it is converted into a 
thick dark coloured viscous liquid. Heat it still 
furthei till the liquid again becomes thin and is about 
to boil. (The temperature should be about 35^C,) 
Pour this liquid in a trough full of cold water. You 
will get a soft, lubbei-hke substance known as Plastic 
Sulphur. It can be pulled out like lubber and is as 
elastic. 

Properties Its density is 1 *95, It is insoluble 
in carbon disulphide. On standing for a few days, 
It becomes opaque, haid and brittle and is paitly con- 
verted into rhombic sulphur. 
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OhimiGfil properties of sulphur. The three varie- 
ties though they diflfer physically are chemically identi- 
cal. When a given weight of any of the varieties is 
burned in air or cixygen, we get an equal quantity of 
sulphur dioxide in each case and nothing is left behind. 

Sulphur -f oxygen = Sulphur dioxide. 

Sulphur combines with many metals like iron, 
coppei. Zinc directly forming sulphides ; 

Iion-fsulphui =Iion sulphide, 
tlopper -h sulphur = Copper sulphide 

Sulphur combines dnectly with chlorine to form 
an amber-coloured liquid called sulphui moiiochloride, 
which IS used in vulcanizing rubber. With caibon 
sulphur gives carbon bisulphide. 

Uses of sulphur Crude sulphur is used for making 
sulphur dioxide, for sulphuric acid and the manu- 
factures of carbon disulphide. Refined sulphur is used 
in medicine and in the preparation of gunpowder, 
matches, fireworks and dyes. It is used in laige quan- 
tities for vulcanizing rubber. It is used as a disin- 
fectant by burning it in the room to be disinfected. 
It IS used for dusting vines to prevent the growth 
of fungus. 

Componnds of Sulphur. The most important com- 
pounds are its oxides— sulphur dioxide and sulphur 
tiioxide. 

Sulphur dioxide Occurrence. It occurs in the 
volcanic gases and m small traces in the atmosphere 
of cities where it is obtained by the burning of sulphur 
present m coal. 
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J’reparalion. (1) It can be piepared by bmiiing 
sulphur m air or oxygon : 

Sulphur -i-oxygen=Sulphur dioxide. 

(2) By roasting iron pyrites in a kiln : 

Iron pyrites = Iron oxide + sulphur dioxide 
+ sulphur. 

(d) By the action of concentrated sulphuiic acid 
on copper, meicuiy, zinc, sulphur, charcoal, etc. In the 
laboratory we prepare it by heating strong sulphuric 
acid and copper. The chemical change is 

Coppei 4- sulphuric acid = Copper sulphate 
+sulphur dioxide + water. 

ExPERiMENf 74. Fit up the apparatus as shown 
m Fig. 34. In the flask put coppei turnings. 
Pour sufficient quantity of strong 
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hmms paper in the jai. See that it is at once turned 
into led. 

Experiment 76 Inveit a jar of gas on another 
jai and test the presence 
of gas in the two cylm- 
deis after some time. 

The burning taper will be 
extinguished in the lower 
jar which was empty 

before and continues to 
burn in the upper which 

was full. This shows that 
the gas can be pouied 

downwards Jf^om one 

cyhndei into*' the othei 

t.e,, It IS heavier than 

311 . ( See Fig, 35. ) 

Experiment 77. Invert a cylinder full of the gas 
111 a trough of water. Walei will use in the cyhndei. 
Place a disc at the mouth of the cylinder and remove 
It from the tiough and place it on the table with 
mouth upwards. Throw a blue litmus paper in the 
liquid in the cylinder. The colour is at once 
changed into red. Taste the liquid. It is slightly 
sour, « 

Experiment 78. Introduce a burning taper in a 
cylinder lull of the gas. It at once goes out. The 
gas does not bum. 

Experiment 79 Piepare a weali solution of 
potassium permanganate in a tube and add to it 
a drop of sulphuric acid. Pass sulphui dioxide in the 
tube. Notice that the pink colour disappears. 

Experiment 80. Piepare a solution of potassium 
d.chromate and add to it a drop of sulphui ic acid. 
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Soak a piece of filter paper in it and throw the piece 
in a cylinder full of the gas. The deep yellow colour will 
change into green. This is used as a test for the gas. 

Experiment 81 Moisten a few coloured fl.oweis 
and throw them in a jar full of the gas. The colour 
IS destroyed and the flowers are bleached. Add a few 
drops of sulphuric acid to the bleached flowers. The 
colour IS again lestored. Repeat the same experiment 
with writing-ink ; the colour fades or is bleached. 

Blemhing action oj aiilpJmr diosetde or sulphuroua 
acid. From moisture they take up oxygen and set 
free hydrogen which being in the nascent (newly) 
born) condition is a powerful reducing agent. Tlie hy- 
drogen reduces the colouring matter by combining with 
it and changing it into a colourless compound. 

Properliea • - Pliysicat. Sulphur dioxide is a colour- 
less gas with a stiong choking smell like that of 
burning sulphur. It is poisonous and attacks the eyes. 
It IS 2‘3 times heavier than air. It is freely soluble 
in water forming an acid solution— sulphu’ ous acid; 

Sulphur dioxide -|-water=Sulphui ous acid. 

It can be liquefied, the liquid on cooling produces cold. 

Chemical, (1) It does not burn nor allow any 
substance to burn in it, (2) It is acidic in property— 
turns blue litmus red. (3) When dissolved m water it 
forms sulphurous acid which has got all the properties 
of the gas. (4) It is a reducing agent— destroys the 
colour of potassium permanganate or dichromate. (5) 
Has got no action on lime-watei. (6) It is a bleaching 
agent — bleaches vegetable colours which can be restored 
on exposure to air or adding a few drops of sulphuric 
acid. (7) The solution of the gas in water if left exposed 
takes up oxygen from the air and forms s'ulphuric acid . 

Sulphurous acid-boxygen=Sulphuric acid. 
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The salts of sulphurous acid are known sulphites; 

Sodium hydroxide-}- sulphurous acid= Sodium 
sulphite -{-water. 

Uses, Sulphur dioxide is employed in the manu- 
facture of sulphuric acid. It is used as a bleaching 
agent for delicate fabrics like straw, silk and wool. 
It is used as a germicide It is also used m the 
manufacture of ice 

Tfst. (i) Filter paper dipped in acidified solution 
of potasuium dichromate is turned from yehow to 
green in colour, (u) Its characteristic smell, (»ti) 
It bleaches vegetable colours. 

Sulphur Trioxidc. Preparation, It is usually pre- 
pared by passing a dry niixtuie of sulphur dioxide 
and oxygen over heated platinized asbestos in a hard 
glass tube. Oxygen combines with sulphui dioxide and 
forms the higher oxide— sulphur trioxide. Platinzed 
asbestos acts as a catalytic agent. The sulphur trioxide 
comes out as vapour at the other end of the tube and 
IS collected in a dry flask cooled in a freezing mixture. 

Sulphui dioxide-(-oxygen=Sulphur trioxide. 

A/o<e— Platinized asbestos is prepared by dipping 
a piece of asbestos m a solution of chloroplatinic acid 
and then heating the mineral in a strong flame when 
platinum spreads in a fine grey powder on the fibres 
of the asbestos. 

_ Pi optrh(t Sulphur trioxide is a colourless, crys- 
talline solid. It has a strong affinity for water and 
dissolves m water with a hissing noise forming sul- 
phuric acid; much heat is evolved When heated it 
decomposes into sulphur dioxide and oxygen. 
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It IS used m the manufactuie of sulphuric 
acid 

Sulphuric Acid (Oil of Vitriol) 

Preparation, («) By dissolving sulphur trioxide in 
water, (n) By passing a mixture of sulphur dioxide, 
air, steam and oxides of nitiogen from nitric acid in 



large ehambeis lined with lead, where sulphur 
dioxide IS converted into sulphai tuoxide and is dis- 
solved in water to form sulphuric acid. 

Properties. Physical, .When pure k is colour- 
less, oily liquid heavier than watei, density being I'SI. 
Commercial acid is pale brown in colour due to the 
presence of impiuities. It boils at SSQOC. It turns blue 
litmus red and has a squr taste. It is soluble in water 
and much heat is poiduced during its solution. In 
order to prepare dilute sulphuric acid pour acid little 
by little in water and keep stming the liquid vnth n 
glass rod. Never add water to acid as so much licat is 
evolved, that the liquid spurts' out and even the. vessel 
may break, producing serious results. 
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nhemc,ah Sulphaac acid ha«i a great affinity for 
water and is, therefore, used as a drying agent for gase- 
like hydrogen, oxygen, air, etc,, on which it has no ac- 
tion It IS a hygroscopic substance, t.e,, takes up mois 
tuie from the air when exposed. Sulphuric acid has 
such a strong affinity for water that it can take up the 
elements of watei (oxygen and hydrogen) from organic 
compounds, like sugar, wood, paper, etc. 

Experiment 82('i) Dip a taper of wood In a 
tube containing strong sulphuric acid. It is charred. 

82(fa). Prepare a thick syrup of sugar m a dish. 
Put some strong sulphuric acid m it and stir. Quickly 
the liquid blackens and a froth is produced. The liquid 
swells Up to fill the disk The black substance left 
behind is carbon. 

Dilute sulphuric acid acts on zinc> Iron, aluminium 
magnesium, forming their lespective sulphates and 
hydrogen. Dilute acid has no action on copper, lead, 
silver and mercury. Strong sulphuric acid when heated 
with these four metals or white zinc, iron or aluminium 
forms their sulphates and sulphur dioxide is given off. 

When sulphuric acid is heated with a metallic 
chloride, it fromi metallic sulphates and hydrochloric 
acid gas , 

Sulphuric acid-t- sodium chloride ^Sodium 
sulphate + hydrochloi ic acid gas. 

When it is heated with nitrates. It produces 

sulphates and nitric acid ; 

Potassium nitrate-f- Sulphuric acid=Potassium 
sulphate 4- nunc acid. 

It decomposes carbonates to form sulphates and 
carbon dioxide ; 

Sulphuric acid I- calcium carbDnate=Sodium 
sulphate t- carbon dioxide. 

It acts as an oxidizing agent. Sulphur and charcoals 
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when boiled with it, are oxidized to sulphur dioxide 
and carbon dioxide respectively • 

Sulphuric acid-(-carbon=Sulphur dioxide 
+carbon dioxide^-watcr. 

Sulphur + sulphuric acid = Sulphur dioxide 
4- water. 

Usei of Sulphuric acid. It is the most important 
acid and is employed in the preparation of hydro- 
chloric acid, nitric acid and in almost all chemicai 
industries. It is used in the manufacture of washing 
soda, fertilizers, and dye-stuffs, in the separation of 
gold and silver, m refining petroleum and other oils 
It IS used m storage batteries and fire extinguishers, 
in explosives and manufacture of indigo. 

Teal (t) Strong sulphuric acid chars wood. 

(ti) Sulphuric acid or a solution of a sulphate 
gives a white precipitate insoluble in acids when a 
few drops of a solution of barium chloride or barium 
nitrate are added to it • 

Sodium sulphate-fbanura chloride = Sodium 
chloride -f barium sulphate (insoluble) 

Sulphuric acid4 barium chloride = Barium 
sulphate (insoluble) 4-hydrochloric acid. 

SuIpliBtes Sulphates are compounds of sulphuric 
acid containing a metal, sulphur and oxygen. The 
important sulphates are ; — 

(1) Glauber's salt (Sodium sulphate) containing 
sodium, sulphur, oxygen. 

(2) Blue vitriol (Copper sulphate) containing, 
copper, sulphur, oxygen. 

(3) Green yitriol (Iron sulphate) containing iron 
sulphur, oxygen. 
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(4) "White vitriol (Zinc sulphate) containing zina, 
sulphur, oxygen 

(5) Epsom salt (Magnesium sulphate) containing 
magnesium, sulphur, oxygen. 

(S) Gypsum (Calcium sulphate) containing cal- 
cium, sulphur, oxygen. 

The general methods for the preparation of 
sulphates are, by the action of acid — 

(i) on metals, e.p.— 

Zmc-t-dil. sulphuric acid— Zinc sulphate 
-t- hydrogen. 

Copper + strong sulphuric acid = Copper 
sulphate 4- sulphur dioxide. 

(^^) on oxides of metals, e.g,— 

Sulphuric acid 4- calcium oxide= Calcium 
sulphate 4- water. 

(in) on alkalies, e.g ., — 

Sulphuric acid 4- sodium hydroxide = Sodium 
sulphate -f- water. 

(iv) on carbonates, e.i/.,— 

Sodium carbonate 4- sulphuric acid=Sodium 
sulphate -fcarbon dioxide. 

(v) on chlorides. e,g.— 

Sodium chloridc4- sulphuric acid= Sodium 
sulphafe+Hydrochloric acid gas 

(vi) on nitrates p.g,~ 

Sodium nitrate + sulphuric acid= Sodium 
sulphate+nitric acid. 
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All sulphates with the exception of those of baiiuni 
and lead are soluble m water. Calcium sulphate 
IS only slightly soluble in water causing permanent 
hardness in water, 

(Gypium— Calcium sulphate). As already stated 
laige deposits of gypsum are found in the Salt Range. 
Other varieties met with m nature are selenite and 
alabaster. It has a large amount of water of crystalli- 
zation which IS given off when the mineral is heated. 
The powder formed is known as Plaster of Pans. 
This substance sets to a hard mass when made into 
a thick paste with water. It slightly expands on 
solidification. It is, therefore, used for making moulds 
or plaster casts. It is used also in the preparation of 
black-board chalk. Alabaster is like marble m 
appearance but much soft and is used m making toys 
and ornamental vessels, 

SUMMARY 


Fcse sulphur occura lu natuie m a oiucle form aa brimstone, and 
in t omlii latioii it forma aulpliidea and milphatea 

'I'ho allotiopic modiflrations of sulphur are (t) Rhombic, (it) 
Pnaniatic and (m) flaatic Rhombic sulphui la I he stable format 
the ordinary tamparature, the other two conrert into it on stand- 
mg for aoraa time 


When any of these varieties is burned, auliihur dioxide is 
produced 

Sulphur dioxide is produced in the laboratory by heating 
copper with stiong sulphuric acid ® 

Properties of sulphur dioxide It is a colourless gas with a 
characteriatic choking smell like that of burning sulphur and a 
peculiar taste It is heavier than air and soluble in water The 
solution IS known as sulphurous aoid whose anlta are known as 
Bulpmbes 

It turns blue litmus red, bleaches vegetable colours and is 
germicide It is a reducing agent. 

aoidified potassium diohromate solution 
13 turned gisen by it MuidCened oojourad flow^ec le blaacUed 
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Uses Used as a blaaohin» agant, garmicido and m the manu- 
facture of Bulphurio aoid. 

8‘idphut Itiovide When o'cygan and sulphur dioxido are passed 
over heated platinized asbestos sulphur tnoxida is pioduced It is a 
orystalUno substanoe which dissolves in water to form sulph- 
uric acid 

Sulphuric Acid It is prepared by dissolving sulphur trioxide 
m water When heated, it gives up sulphur dioxide 

It IB a colcurlesa, oily liquid, has a sour taste and turns blue 
litmus red, It has a strong affinity for water It ohais wood and 
takes away water from sugar leaving bsliind carbon It is an oxidi 
ing agent It acta upon metals, their oxides, hydroxides, chlorides 
oarhonatOB and nitrateo to form aulphitee 

Test. Strong acid ohers wood 

Dilute acid or solution of a aiilpbate gives a white preeipilat 
with batuim ohloiide or nitrate This precipitate is insohihls in 
nitric acid and many other mduatries 

QUESTIONS. 

I Where is fiee sulphur found ’ Give the name and oomposition 
of five or more native oompounds of sulphur. 

2. What 18 (a) brimstone, (6) rhombic aulphur, (r) roonoehnie 
aiilphiir, (n) plastic aulphur ? How is each obtained ’ 

3, Compare rhombic and prismatic sulphur 

i State the uses of sulphur Describe fully the changes wliieh 
sulphur undergoes when heated 

6 Explain the term allotropy by deeeiibmg the chief alloi tropic 
forms of sulphur. HoW can you show experimentally that these 
forma are chemically the same 1 

6 Describe the preparation of aulphur dioxide What experi- 
neats will you perform to illustrate its chief properties ? 

7 Distinguish between the bleaching action of ehloritie and 
that of aulphur dioxide 

8 What gaseous compouude of sulphur are you familiar with ’ 
Describe how you would obtain each from ordinary roll sulphur. 

9. Describe the chief properties and uses of sulphuric aeid 

10 What IS the action of (t) dilute, and (ii) oonoentratsd sul 
phiiric and on zmo, copper, potassium carbonate, nitre, common 
salt, aluraiiuum and gold ’ 

II What H (a) gypsum, (6) white vitriol, (c) een vitriol, 
{d) blue vitriol, (e) (Ila iber’s 3ilt,((/) oil ot vitriol ? 



CHAPTER VIII. 

CARBON. 

The element caibon is very widely distributed in 
nature. It exists both m the free state and m com- 
bination. It occurs in the free state as Diamond 
and Graphite which are its crystalline froms and as 
coal which is a non-crystalhne form. 

In the combined State it is present as carbon dioxide 
in the atmosphere and in natural waters. It is found 
in the form of carbonates of metalsj chiefly calcium and 
magnesium, fff, limestone, marble, chalk and mag- 
nesite. The mineral dolomite contains both calcium 
and magnesium carbonates. It is present in mineral 
oih or petoroleum in the form of hydrocarbons. It is 
a necessary constituent of all organic compounds, i e., 
compounds met with in the animal and vegetable 
world. 

Organic compounds : — 

These compounds contain carbon as an essential 
part. The number of these compounds is constantly 
increasing. The branch of chemistry which deals 
with these compounds is called Organic Chemistry 
because living plants and animals are largely com- 
posed of caibon compounds. It was foimerly 
supposed that these compounds could be formed only 
by the agency of animal or vegetable life. Quite 
a number of these compounds have now been 
prepared by synthetic methods, p,g,, Sugar, Indigo, 
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etc. Some of the important salts are carbohydrates, 
(e. g., starch, sugar, cotton), alcohol, soap, explosives, 
dyes, rubber, gum, etc. 

The chief points of difference between these and 
inorganic compounds are 


Oiganic. 


1, These contain carbon 
as an essential con- 
stituent. 

2. Carbon and hydrogen 
serve as a starting 
point for a large num- 
ber of these com- 
pounds. 

3 They usually decom- 
pose and decay at high 
temperature. 

4. They are formed as a 
result of metabolism 
in living animals. 

5. They are usually soluble 
in alcohol, ether, ben. 
zene. etc. 

6. They possess the charac 
teristic property of 
the group. 

7. Only 20 elements are 
found in these com- 
pounds. 


Inorganic. 


In these presence of car- 
bon IS not necessary. 

No single element can 
serve as a starting point 
for these compounds. 

They do not easily decom- 
pose. 

They aie found in the 
earth's crust as m nerals, 
etc. 

They are generally soluble 
in water and not in 
alcohol, etc. 

Every compound has its 
own properties. 

Nearly all the known ele- 
ments enter in their 
composition. 
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The Allotropie Modifications of Carbon. As 

already stated caibon occuis m thiee allotropie 
modifications : (1) Diamond. (2) Graphite and (3) 
Amorphous Carbon. These various forms though they 
diffei widely in their physical propeities are chemically 
identical. If any variety of carbon is burnt in air oi in 
oxygen, carbon dioxide is formed. 

Diamond It is the purest form of carbon. Dia- 
monds are found m various parts of India, m Braxi, 
South Africa, Australia and United States. When 
pure, It is colourless, the coloured varieties contaila 
some impurities. The black variety, carbonado, is 
not valued as a gem but is used m glass cutting and 
drilling instiuments. Diamond is the hardest sub- 
stance known. It has a brilliant lustie on account 
of Its high refiactive index and gieat dispersive powei. 
It IS, therefore, used as a gem. It is a bad condutor of 
heat and elctncity. Its specific gravity is 3 to 3*5. 

When diamond is strongly heated without con- 
tact with air in an electric arc, it is converted into 
graphite, but when it is heated in oxygen, carbon 
dioxide IS formed and nothing is left behind. Dia- 
mond resists the action of almost all chemical 
leagents. 

Artificial diamonds have been piepared by Moissan, 
a French chemist. Charcoal is dissolved in molten 
iron at a very high temperature and the molten iron 
is suddenly dropped in cold water. The pressure 
exerted is very great and some carbon crystallizes 
out as transparent diamond. These diamonds are 
small in size. 



95 


Graphite It is found in large quantities m India 
Ceylon, Sibeiia, and California. It is a soft, '•hiny 
greyish black substance which is smooth and soapy 
to the touch. It occurs both m the crystalline and 
amorphous foims. Its specific gravity is about 2*5. 
It IS a good conductor of heat and electricity. When 
stiongly heated in oxygen, it burns to form carbon 
dioxide. 


Uses. Graphite leaves a black mark when 
lubbed on paper. So it is used for making lead pencils. 
In Older to use it for this purpose, graphite is purified 
by grinding and washing to remove the grit. The 
purified graphite is then mixed with a little washed 
clay. It IS used in the manufacture of plumbago 
ciucibles, electrodes, electric light carbons, etc. It is 
used as a lubi leant for machineiy, a coaling for iron 
to prevent rusting. 

Note. Graphite is known by the name of blade 
lead or plumbago but it does not contain any lead as 
was once supposed. 


Amorphous Carbon The amorphous varieties of 
caibon are coal, coke, charcoal, lampblack, animal 
charcoal, gas carbon, etc. 


Charcoal. When vegetable substances like wood 
are heated in the absence of air, a black substance rich 
m carbon is left as residue. This is known as chaicoal. 
Wood charcoal is the most important variety and is 
used in the household as fuel. 


Methods of Frepatahon la) Cut faggots of wood 
arc piled in a mound in such a way as to leave a 
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chimney m the centre. (See Fig. 37.) The whole is then 
covered with turf. A lighted faggot is dropped down 
(he chimney to kindle the wood, [which burns slowly. 



Fig 37 

C— Chimney 

Holes are left at the bottom to allow air to pass m. 
When a blue flame is noticed in the chimney aftei a 
few days, the holes aie closed and the coal is all owed to 
cool. This process is wasteful as all the volatile 
products are lost. It has now been leplaced by a more 
economical method described below. 

(6) Wood IS heated in ovens or letorts from 
the outside, no air being allowed to come m con- 
tact with wood. The volatile products aie collected 
and condensed and the inflammable gas is used for heat- 
ing the retorts. Chaicoal is left behind m the retorts. 
This process is called the destructive distillation of 
wood. 

Properties, It is a black, amorphou'’, poious 
substance with a specific gravity of about 1’5. On,.< 

account of its porous nature it floats onwatei, If the 
air is removed by an air-pump or by boiling it in watei, 
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then It sinks m water. It is friable. It is a bad 
conductor of electricity. It has the power of absorbing 
gases and vapours to a large extent. 

Experiment 83. Invert a cylinder full of am- 
monia on a trough of mercury. Introduce a piece of 
recently ignited wood charcoal into the cylinder. Char- 
coal soon absorbs the gas which is shown by the rise of 
mercury in the cylinder. 

Charcoal absorbs colouring matters from solution. 

Experiment. 84. Slightly colour water with blue 
litmus. Add powdered charcoal in it, shake and 
allow It to stand for sometime. Filter the contents. 
The filtrate will be a clear liqiuid. 

Charcoal under ordinary circumstances is not 
acted upon by the air but burns to form caibon 
dioxide when strongly heated It resists the action of 
moisture and, therefore, the lower ends of poles which 
are to be stuck in the ground are sometimes charred. 

Animal Charcoal or Boneblack. It contains only 
about 10% of carbon and is prepared by the destructive 
distillation of bones in iron retorts. It is a better absor- 
bent of gases and colouring matters than wood charcoal 
and is largely used for refining brown sugar. 

Experiment. 85, Boil some solution of brown 
sugar (^itr) in a beaker, add powdered animal charcoal 
and allow it to stand. Filter the the contents. The 
filtrate will be a colouiless liquid. 

Experiment. 86. Boil in another beaker a weak 
solution of litmus or indigo with animal charcoal 
and allow ' it to stand and filter. The filtrate is a 
colourless liquid. 

Lampback is made by burning substances rich in 
carbon like turpentine, petroleum, etc., m a limited 
supply of air. The soot is collected by deposition on 
coarse 'blanket'. It is used for making ink, stove 



and shoe pohsh, etc. It is one oi the purest 
forms of amorphous carbon. 

Coal. Mixed with clay and sand coal occurs in 
nature in large deposits. In India it is found m Dandot 
mines m the Salt Range, in Bengal and Jharia mines, 
etc. It IS formed by the gradual decay of vegetable 
matter under the intense heat and pressure of the earth 
for centuries. There are many varieties of coal between 
lignite which contains 4h%of carbon and anthracite 
which contains about 87% of carbon. Coal is used a"; 
a fuel and in the preparation of coal gas. 

Coke Coke is produced when coal is strongly 
heated in iron retorts fiom which an has been removed. 
The volatile products are collected and the greyish 
black, hard spongy substance™ cofee is left behind au 
residue. It is used as household fuel as it bums with- 
out a flame. It is used as a reducing agent in the 
extraction of metals from their ores. 

The process employed m the piepaiation of wood 
charcoal ( or animal charcoal or coke ) by heating v.ood 
etc,, m iron retorts in the absence of an is known as 
Dciiriictive Diahllation 

Ga* Carbon It is obtained by the destrut live 
distillation of coal m the manufacture of illuminating 
gas. It remains in the retort as an cxtenaely haid 
deposit lining its roof and the sides. It is veiy puic 
foini of carbon with specific gravity 2*35. It is a good 
conductoi of electitciry and is, therefoie, used in the 
manufacture of carbon rods for the arc light. 

Ghemicdl p‘opert%es of Carbon It is meit at 
ordinaiy tempeiature but when strongly heated bums 
and forms _ carbon dioxide leaving behind a little ash. 
It is a 1 educing agent, 

Expe.HiMEHT.87. On a piece of chaicoal boie a 
cavity Put 111 the cavity admixture of red lead and 



99 


powdcied chaicoal. Heat it with a blow-pipe a bead 
of lead IS foimed. Red oxide of lead is i educed into 
lead : 

Lead oxide -f-carbon=Lead-l-earbon dioxide. 

It unites with sulphur to foim carbon disulphide. 
With metals at high temperature it forms carbides, 
calcuim carbide. 

SUMMARY 

AUotropio forms of oat bon (o) Cryafcailine, (i)diamond, 
(it) grapnite 

(i) Amorphous or tton-rryafcallina , wood t harcoal, ooal, an:ma{ 
oliarcoal. lampbl i.-k, oolio and gas carbon 

Diamond is purest oar bon. It i* the hvrdest substanen known, 
and has a bulhant lustre It is valued as a gam. 

Graphite or blackkad is a soft, shining greyish black substance 
Good oonduotor of heat and elaotrioity. It is used fur making lead 
pencil, electrodes, crucibles, and as a lubricant for' machines 

Wood charcoal is obtained by heating wood out of contact with 
.jair in closed retorte or m stacks under earth Animal charcoal is got 
by distilling bones Wood charcoal is porous and is used for absorb- 
ing bad gases Powdered animal chaicoal is used for decolorizing 
solutions wood charcoal is a valuable fuel 

Coal IB a very impure form of carbon and is used as a fuel It is 
also used in the manufacture of coal gas which , is a mixture of 
seveial gases and is used for heating and lighting plAposes 

Coke IS a substance obtaiued as a residue when coal is distilled 
in iron retorts In the form of gas carbon it is used for elsotrical 
purposes — arc lamps Coke is used as a fuel and in obtaining metals 
from their ores 

Lampblack is carbon deposited by oils, etc , burning in an in- 
suSicient supply of air It is pure carbon and is used in black paints 
and printer’s irik- 

QUESTIONS- 

1 Describe the various allotropic forms of carbon How will you 
show experimentally that they are really different forms of the same 
chemical sutastauee ’ 

2 Oampare the properties oL diamond with those of graphite 
How Will you show by an experiment that both these substances are 
carbon ' 

3 How IS wood charcoal obtained t State its chief properties 
and useb. 

4- What are artifici&l diamonds and how are they obtained ’ 



CHAPTER IX. 


OXIDES OF CARBON. 


Carbon dioxide: — 

Occurrence, This gas occurs in the atmosphere 
(•03%), Its presence there being due to combustion 
of coal, wood, the breathing of animals and the decay 
of plants, It IS given off m large quantities from the 
earth in certain places, such as Poison Valley at 
Java. It IS given off in the fermentation of sugar, in 
the prepartion of wine. It is present in certain 
natural waters. 

Preparation. (1) Carbon dixide is prepared 
when carbon is burnt in air or oxygen : 

Carbon4-oxygcn= Carbon dioxibe. 

(2) The gas is given out and when carbonates like 
chalk, limestone, marble, etc., are heated strongly as 
in the case of lime burning : 

Calcium carbonate-^Calcium oxide -(-carbon dioxide 

(Limestone) (Lime) 

This method is employed for the manufacture of 
gas on a large scale. 

(3) Pure carbon dioxide is prepared by heating 
pure sodium bicarqonate : 

Sodium bicarbonate =Sodium carbonate+ 

water-f carbon dioxide. 

^ (4) On a large scale for manufacturing purposes 
carobn dioxide is obtained as a by-pioduct fiom 
fermentation, during the manufacture of alchol. The 
gas IS collected in wiought iron cylinders in which it 
is liquefied under pressure and is sold in the liquid form. 
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(5) Laboratory Method. In the laboratory is 
f^ost easily prepared by the action of an acid such as 
hydrochloric acid upon a carbonate such as limestone 
or marble: 

Calcium carbonate+hydrochlonc acid 
f Marble) 

= Calcium chloride +carbon dioxide + water. 

Exi^eriment 88. Fit up the apparatus as shown 
in the Fig.38; see that the apparatus is air-tight. Put 
few pieces of white marble into the flask, cover these 
with water and put in the cork See that the 
lower end of the thistle funnel dips under water. 
Pour strong hydrochloric acid down the thistle 



A— flask containing marble pieces. 

B—carbon dioxide and dilute hydrochloric acid, 



funnel. A busk effeivescence takes place. Colleci 
the gas by the downward displacement of air, 
In Older to find out whether the cylinder is fujl, 
take a lighted match stick near the mouth of 
the jat. If It goes out, the )ai is full. Collect a few 
cylinders of the gas and peiform. the following experi , 
nients with them. | 

Experiment 89. Examine a jar full of caiboii 
dioxide. See that it has no colour; smell it— it has i 
flint pungent smell; taste it— it has got an acid taste 
A bottle of soda water which is a solution of the gji 
ni water shows the taste of the gas. 

Experiment 90. Invert a cylinder full of the ga' 
m a trough of water and allow it to stand there for som 
time. Notice the small rise of water in the cylinder 
The gas is soluble in water. 

Ekperihfnt 91 * Invert a jar full of gass over a 
empty jar as shown in 

the diagram. Covei the 

iowei cylindei. Intioduce 
a burning match stick in 
path of the cyhndeis. It 
IS extinguished m the 

lowei cyhndei which was 

foimerly empty but con- 
tinues butnnig m the 

cyhndei which was previ- 
ously full of the gas. This 

shows that the gas has 

gone from the upper to 

the lower cylinder. Cat bon 
dioxide IS heavier than 
air and can be poured like watei fiom one vessel I 
another. 




bXI^tRlMLNT 9'2i 
iar. It at 
gas 


Iiitfoduce 
out. 


■once goes 
the gas as shown in the diagram 
over the flame of a lighted -candle. 
The candle at once goes out. 

Experjment 93. Put a moist- 
ened blue litmus paper in a jar 
containing the gas ; it is changed 
into red colour. 


a lighted candle in 
Pour 


(a)- Put 
in a jai and 
watei becomes 



Experiment 94 
some lime water 
oliake The lime 
milky. 

(6), Pass the gas from the 

delivery tube thi’Ouffh some lime 

water. Observe that it becomes 

milky. When the gas is continued iU 

to pass, the milkincss disappears. 

Disconnect the appartus. Boil the clear liquid. Milki- 
ness again appears. Put a few drops of hydrochloric 
acid in this milky liquid. Note the effeivescence and 
disappeaiance of milkiness. Soda water may be used 
for this experiment Intead of the gas. 


Pr-opertiea. PhyatcaU Carbon dioxide is a colour- 
less gas with a faint pungent smell and acid taste. 
If IS about 1 primes as heavy as air. It is soluble in 
water. Soda water is a solution of this gas under 
pressure in water. The gas can be liquefied and 
solidified into a snow-like solid mass by loweisng the 
temperature and increasing the pressure. 


Chtmteal, It does not burn nor supports com- 
bustion, Air which contains 2 -l' 2 % by volume of this 
gas does not allow substances to burn in it though there 
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is about 18J% of oxygen still present in air. It does not 
support respiration, 'It is not poisonous and animals 
die in It from suffocation. It is slightly acidic in pro- 
perties. Its solution in water is a weak acid— Carbonic 
acid : 

Carbon dioxide-t-water=Carbonic acid. 

This IS why It IS sometimes called carbonic acid 
gas. It IS inert but some substances like magnesium 
and potassium burn in it decomposing carbon dioxide 
into carbon and oxygen. They combine with oxygen 
and carbon is deposited in black particles on the 
sides of the vessel : 

Magti esuim-t- Carbon dioxide = Magnesium 
oxide-f- carbon 

Potassium+ carbon dioxide =Magnesium 
car bonate -j- carbon. 

When passed through lime water, it forms 
calcium catbonate white which being insoluble in water 
renders it milky ; 

Calcium hydroxide -f carbon dioxide = Calcium 
carbonate -h water 

When more carbon dioxide is passed the hme water 
becomes clear on account of the formation of calcium 
bicarbonate which is soluble : 

Calcium carbonate -f carbon dioxide-)- water 
= Calcium bicarbonate-f- water. 

When the solution 's I oiled, the water again be- 
comes milky on account of the escape of carbon 
dioxide ard foitration cf ii soluble calcium carbonate 
from calcium bicaibonate : 

heat 

Calcium bicibonate— ^Calcium carbonate -)* 
carbon dioxide-j-water. 
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When 've pour hydiochlonc acid now in this, milky 
liquid, carbon dioxide is produced and the water be- 
comes deal , 

(») Calcicum carbonate-t- hydrochloric acid 
= Calcium chloride f carbonic acid. 

(«) Carbonic acid being unstable at once gives 
up carbondioxide : 

Carbon acid— ^Carbon dioxide + water. 

It is decomposed by the gieen cololuring matter of 
plants in the presence of sunlight, carbon being assi- 
milated and oxygen set free. 

Test. It tut ns lime water milky. 

Uses. (1) It IS used as a fire extinguisher. Fire 

extinguishers generally seen hanging in 
big buildings contain sodium carbonate 
and a tube containing hydiochlonc acid 
When the two are mixed by breaking 
the tube, the gas is evolved and is used 
in putting out the fire. 

(2) It IS used in rerated -waters — 
Soda water. 

(3) Solid carbon dioxide (caibonic 
acid snow) is used as medicine — a cure 
for local Sore and in freezing mixtures. 

(4) It IS used in the manufactute 
of white lead and sodium carbonate (washing soda). 

Carbonates Carbonates are the salts of carbonic 
acid. The most impoitant carbonates are those of 
calci im and magnesium. They are very common in 
natuie as limestone, chalk and marble, and mavnesium 
carbonate in the form of dolomite Shell, corals, 
pearls, etc., aie also calcium carbonate. 



Fig. 'll 



There are two crystalline \aiieties of calcium 
carbonate ; (i) Calcite or Iceland Spai — rt is a doubly 
refracting medium and (ti) Aragonite. 

Sodium carbonate or wa-bicg soda is another 
important carbonate. 

Manufacture a{ Quicllirnc (chiina). The liiiiestone 
(paihar rjivna) is packed in a lime kiln lined w ith 
brick work. uSVe Fig. 42.) Limes'one and coal oi wood 
are placed in the kiln in alte’natt 1 lyers. The fuel is 
burnt in a free supply of an ciiicnng through a large 
opening at the base. Carbon dioxide mixed with 
air escapes, and lime is left behind. This lime is, 
however, mixed with fuel ashes and hence impure. 

In some cases the limestone is ananged in an aich 

over the fire below, the 
fuel being kept separate 
fiom the stove. The 
burning goes on for 
about two days, after 
which the kiln is allowed 
to cool and the lumps 
of quicklime are re- 
moved In this process 
there is much waste of 
fuel but the lime obtain- 
ed is puie. 

The lime thus obtain- 
ed IS called quicklime. 
It IS a white amorphous 
substance which melts 
K— lime kiln containing coal at a very high tempera- 
and limestone, ture When heated in 

C— Iron grid through which oxyhydrogen flame it 
lime falls down intoP, pit emits a bright light 
^ Chimney. known as limelight. It 
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melts only in the ckttiic furnace. When a suiallj 
quantity of watei is poured on lime, gieat heat is given 
off, and watei is at once conveited into steam, the Stonej 
swells up and crumbles to a soft, dry powder — tlaked! 
lime. The piocess is known as the ‘slaking of lime’,| 
The lime chemically combines with water to forn'l 
calcium hydroxide or slaked lime : 


Calcium oxide4 water=Calcium hydroxide. 


Quicklime is used as a dehydrating agent for 
absorbs moistuie and it also absoibs caibon dioxid 
A dehydiating agent icmovcs moisture from othei sul 
stances It is used m punfyu g the v.ater of wells aij 
as a disinfectant. 


Slaked lime is a white amorphous powder, spannji 
soluble in watei It is less soluble in hoi watei than 


cold one The solution in watei is known as lijj 

water. It is slightly alkaline and absoibs cail^'j 
dioxide forming calcium carbonate— chalk Slab 
lime when mixed with water (not sufficient to disjo? 
it) forms a white paste — milk of lime. This wlji 
exposed to the atmospheie for a few days sets tc| 
hard substance, hence lime is used in the manufal| 
of mortal. It is used for white-washing purpo'^cs, (I 
purifying sugar and removing hair fiom hi 
It IS used m the manufactuie of washing soda , 
bleaching powder It is used as ferlihzei, ‘ 


Mortar, Mortar is made by mixing slaked | 
with thiee or foui times its bulk of sand and making' 
whole in'io a paste with watei. The moisluie is I 
porated or ab' orbed by the bucks and the m' 
becomes haid Haidcning is further helped byj 
atmospheric caibon dioxide which which slowly convei 
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into calcium carbonate. Theie is a slight combination 
between lime and sand. Sand also makes the mass 
porous so that carbon dioxide can penetiate belcw the 
surface. 


Cement. It is made by binning a mixture of clay, 
limestone and gypsum. Clay is a mixture of aluminium 
oxide and sand (silica). On mixing with water, cement 
sets lo a hard mass owing to the formation of silicates. 
There are many kinds of cements in the market. Portland 
cement. Band cement, Roman cement, etc. Cement 
IS now manufic aired on a large scale in India. 


Concrete is a mixture of cement and gravel. Houses 
and bridges are often built over a framework of iron 
rods. It is then called reinfoiced concrete. 


Stalactites and Stalagmitei. As already stated, 
water containing carbon dioxide dissolved m it 
can hold calcium carbonate m solution. Such water 
”'hen It falls in drops from the roofs of caves in lime- 
stone districts loses the carbon dioxide by evaporation 
and deposits this insoluble calcium carbonate in the form 
of pendants, hanging from the roof, formed of several 
loncentnc laveis. They aie known as stalactites 


The drops falling on the floor of the cave also 
lepo^it the insoluble carbonate and pillars grow up 
‘lom the floor upwards and may meet the stalactites. 
They are known as stalagmites. 


Stalactites and stalagmites are not necessaiily of 
alcium carbonate though best specimens are of this 
ubstarce. These formations of salt are met in the 
lit mines. 
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Carbon Monoxide. 

Ocfiirredoe It occurs lu the coal gas and is seen burning with 
a blue flame over a clear fire of glowing charcoal The smoke given 
out by motor engine also contains this gas 


Preparniion (1) It is prepared by the induction of carbon 
dioxide by ohercoal . 


carbon dioxide=oarbou-|-carbon monoxide 


Gherooal la packed in a hard gluse tube open at both ends and 
strongly heati d Carbon dicxide frr m the gas apparatus is passed 
over tte heated cheTooel Some of the gas is reduced and a mixture 
of carbon dioxide and carbon monoxide escapes from the other end 
Carbon monoxide IS collected over a solution of o'lustio potaeh(iSse 
J’lg 43) which absorbs carbon dioxide, but has no effect on carbon 
monoxide 



rtg43 


A carbon dioxide apparatus 

C carbon monoxide 

T tiough containing caustic potash solution 

(2) In the Isbnratory it is prepared by heating sodium formate 
with concentrated sulphuric acid Sulphuric acid leinoves the 
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elcmsQts of water from the formic acid aad leaves behind pure 
cai bon monoxide, whioh 18 oolleoted over water (See I* ig 44). 



,4 — flask oontaiiiinp aodium forinnte and strong 
Bulpbuno acid 


B cabi on monoxide 


(3) Uvnlic aoid crystals when warmed with sulphuric aoid give 
out erjiial quantities of caibou dioxidi and carbon monoxids The 
gases are separated by passing the mixture tlirough a solution of 
caustic soda; 

Gflustio soda carbon dioxido=yodiiiin carbonate 

tiopiitt ei —Phyaical, ft is a coloiiileBa gaa with it peculiar 
faint smell It is veiy poisonous .hence gieat oara must be oxoreis- 
6i( m parformiiig expeiimeids with this gas or ill its preparation It 
IS little lighter than air and very lightlv Buluhle in water 
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Ohcniical — It is h combustible gas, Icii ns, with a blue tiacce m 
air or in oxygen When it buriia it fornih carbon dioxide It does 
not support oombuation It la a recluoiiig agent and is used m the 
extraction of iron from ila oiea, 

Iron oxide-j- carbon monoxide e=Cdi bon dioxide-j-iron 

It la neutral to litmus and has no effect on lime water 

Note, Rooms should never be closed with charcoal 
or coal binning inside. The coal should be well ignited 
outside and then brought into the room, otheiwise 
caibon monoxide will lendei the air foul. Many people 
have lost thiei lives by sleeping in closed moms with 
charcoal glowing m. 

Coal gas,— 

A 

Prpimatinn. Experiment 95. Set up the 

appautus as shown m the diagram and sec that the 



Fig 43 

C— powdei coal, 

B— vessel containing water, 
F — gas burning. 
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connections aie aii-tight. Wrap wire gauze lound the 
hard glass test tube and fill two-thirds of it with 
powdert-d coal. Place the jar jn cold water. Heat the 
test tube from end to end. In a short time a gas will 
be seen bubbling through water in the jar and coming 
out of the )et. In the jar there will be a deposit of 
tar and ammonia will dissolve in watei The gas which 
comes out of the jet burns when burning taper is ap- 
plied to It. The gas which comes out is known as coal 
gas. It can be collected over water like hydrogen 
or oxygen, Coke is left in the test tube. 

Proptriita. It is a colourless gas with a smell 
like that of buining coal. It is lighter than air and 
sparingly soluble in watei. It is not a single gas but 
is a mixture of hydrogen, methane, carbon dioxide, 
acetylene, benzene, nitrogen, carbon dioxide and 
oxygen. The last three gases are the impurities, 

lists. It is used for hdating and lighting purposes 
and in filling balloons. 



CHAPTER X. 

BURNING AND BREATHING IN AIR. 

We have alieady seen that when substances bum 
in air, they combine with oxygen of the air. The 
burning of wood, candle, charcoal, etc., are familiar 
examples of burning in everyday life. 

Substances like these when heated give off smoke, 
being changed first into a black residue. When the 
heating is continued in the presence of air, the black 
residue disappears leaving behind a small amount of 
ash. ® 

The smoke and the vapour given off during burning 
tell us much about the composition of the substances 
that burn. As soon as wood or other substances con- 
taining carbon arc heated in a test tube, moisture is 
deposited on the cool parts of 
the tube. When wood is 
burnt m contact with air, 
carbon dioxide is produced. 


BuHQing of B candla.— 

Experiment 96a. Over 
a burning candle invert a cold 
jar which has been dried 
carefully. Notice that the 
inside of the jar becomes 
dim with moisture 

ftg. 46. 

Experiment 966. In a thin glass beaker put 
some ICC cold water. Dry the outer side and bottom 
of the beaker. Keep a burning candle under the bottom 
of the beaker for a short time. The bottom becomes 
covered with droplets of water. 




Experiment 97, Fix a- candle in a deflagiating 
spoon and having lighted it, lower 
it in a jar. Observe that the flame 
of the candle becomes dim and 

soon goes out. Water collects on. 
the inside of the jar. Take out the 
candle and cover the jar -with a 
glass disc. Quickly lower into the 

jar a burning taper, it at once 

goes out. Pour in a little lime 

water and shake it up in the jar ; 

notice that it is turned mriky. 

The above experiments thus clearly show that 

when a candle is burned in air, water vapour and 

carbon dioxide are produced. 

In fact this is true in all cases of burning organic 
substances (t.'’, containing carbon) in air, viz, water 
vapour and cat bon dioxide are produced. 

Breathing (respiration) of animals in eir It has 

been learnt that oxygen is essential for animal life ; 
without it animals would die. In the process of 

breathing the animals take in air through the nose 
and mouth to the lungs. In the lungs the oxygen of 
the air passes into the blood and is carried to the 
different parts of th? body. It is slowly used up in 
burning up the waste tissue of the body. These 
tissues contain, besides other elements, carbon and 
hydrogen which are oxidized into carbon dioxide and 
water respectively. The heat produced during the 
oxidation of the tissues supplies the necessary heat 
and energy to the body. The following experiments 
clearly illustrate the above facts. 
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Experiment 98. Blow through a glass tube into 
some clear, freshly made lime-water in a beaker. Notice 
It IS turned milky. 

Experiment 99, Blow on a dry, clean surface of a 
looking glass. It becomes misty because the moisture 
present in the expired air deposits on it. 

The warmth of the breath may be left by blowing 
on tlie hands. 

The above experiments clearly show that both in 
burning and breathing the same substances— carbon 
dioxide and water vapour— are produced. In both 
cases, heat is produced as a result of the chemical 
^changes brought about. In the cases of burning, how- 
^■ever, the heat produced is great and produces a flame. 

Bow gr&en plants use the atr. An ainmal in 
breathing uses oxygen from the air and gives back to 
the air carbon dioxide as a waste product. The aif 
out-of-doors, however, never contains much of carbon 
dioxide in it because plants remove this gas from the 
air under certain cirfcumstances. 

Experiment 100. (a) Take a bunch of water 

weeds, and put it in a jai nearly filled with water 
having carbon dioxide dissolved in it, Soda water 
which has been left uncovered for some time may be 
used. Cover the weeds with a glass funnel and invert 
over the funnel a test tube full of the same water as 
shown in diagram. See that theie are no bubbles 
of air 111 the test tube or sticking to the weeds. Place 
the appaiatus in bright sunlight for an hour oi two. 
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Bubbles of a gas collect in the tube and aie seen stick- 
ing to the leaves. Remove the test tube and test the 



C — water containing carbon dioxide, 

A — oxygen 

gas by a glowing splintci. It is lekindled. This 
shows that die gas is oxygen. 

(6) Repeat the same expeument but keep the 
appaiatus tn some dark place. No bubbles will be 
formed in this case. 

It is deal fiom these experiments that green plants 
in the presence of sunlight decompose carbon dioxide 
into its paito. They assimilate carbon which is 

nectsaaiy fm (n..u g.o.t'h ..ud se< fi.- uxvg^-n. It is 
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in this 'vny that the amount of carbon dioxide m the 
atmosphere is kept constant. 

The decomposition of caibon dioxide and libera- 
tion of oxygen by green vegetables in the presence of 
sunlight IS known as assimilation. This is quite 
diffnent fiom respiration. In plants both these pro- 
cesses are going on side by side m the day time but 
the amount of carbon dioxide given out by respiration 
is very little as compared to the liberation of oxygen 
by ' assimilation. At night, however, the process of 
assimilation stops but respiration goes on. It is for this 
reason why u is not advisable to keep plants at night 
in a sleeping room. The plants instead of purifying 
the air as is the case m day time, render it impure by 
breathing out carbon dioxide. 

Breathing at high altitudes. You have alieady 
learnt that the air pressure decreas»s with inciease in 
height above sea-level. Hence it is clear that the 
presence of oxygen in the lungs and in the blood 
must also decrease, and, if the decrease is considerable, 
suffocation results. It is possibe to become 
acclimatized to high altitudes, as, for example, in 
Tibet which is about 15,000 ft. about sea-level Gener- 
ally rapid ascent results in discomfort, if not worse. To 
oveicome the defect due to the lack of oxygen at great 
heights, an artificial supply of the gas is often used by 
mountain climbers. 


NUMMARY IX A X 

Oinle'i oj mibon aro , (?; carbon dioKule, (i?) Cftrbon monoxide 

Oaibon dioxide la obtained by the action of dilute hydrochloric 
-if id on marble pieces (caloium carbon). The gaa le oollecied by tlie 
upward diaplaoement of an 

Propirtiea, Colourless, heavier than air, has a faint pungent 
smell and a/'id tsate. Soluble m water, the solution la called 
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oafljonio ocid — a weak aoid, it doea not burn nor help burning-, 
Annaala die in it from auffoeation, t « , want ot oxygen 

It w inait Magnoamm and potamm burn in carbon dioxide 
deoompoaing it into oxygen and carbon Turna lime wator millty 
Groan plum,') m proaenoa of aunlight locompose carbon dioxido, 
carbon being aaaiinilated and oxygen sot fieo- 


Vses. Used ns a Sro extinguisher, m the manufacture of aerated 
water, washing soda and white lead , as a cute for local aorea (Carb- 
onic acul snow) 

Ciirbun monoxide obtained by reduction of carbon dioxide by 
charcoal 01 by the action of strong sulphuric iicid on sodium foimate 

PiaperUes No oolour, and is very pj siinoiis Has no action on 
lime water and litrnua It burns but does not help burning 

Coal gas is a mixture of sevoi al gases and le used for heiting and 
lighting purposes 

Wlien organic aubstnneoa (candle) burn in air, water vapour and 
carbon dioxide are produced 

In respiration animals take m oxygen of the air give out carbon 
dioxide , green plants in tlis presence of sunlight decompose carbon 
dioxide into carbon and oxygen which is set free 

A carbonate le a substanoe whioti gives carbon dioxide whan 
heal ed or acted upon by an aoid 

Thi- chief Carbonates found m nature are chalk, limestone, marb- 
le shells, ooials, pearls, etc- Caloito and washing soda are orystalline 
fuims of calcium carbonate and sodium carbonate respectively 

Lime IB obtained by heating limestone in limo kilns Freshly 
burnt hmo is ci lied quicklime Slaking oflime is a chemical cha- 
nge fi is used as a dehydrating .vgent and fur producing lime light 
Slaked lime is slightly soluble in water foiiuing lirno water It is 
used in the manufacture of moitsr, washing soda, bleaching ponder 
and for while washing, etc 


QUESTIONS 

I Write a brief deecription of the different forma ot of carbon 
By what .xperiments Would you prove that they are relly different 
forma of the same element f ^ “eioiii. 

9 Compare the properties of diamond with those of graphite 
How will you show that both these substances are caibon ? 

3 Explain the terms 
carbon as an sxample 

ikA.rf'*’*’®! amorphous carbon ’ Wiito what you know about 
the difforenb important proportiee of amorphous carbon 


• crystalUne , and ‘amorphous ' 


using 
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6 Sovf IS coal formed in nature ? GiVe its rViiof properties and 
uses 

6 What la meant by destruotive distillation "? Wbat substances 
ran be obtained by the destrurtive distillation of roal ? 

7 Give in iirniiint of the allotropy oftlarbon How are artifio- 
sal diamonds ri.ade ? 

8 How IS charcoal prepared on a large scale from tyood t What 
are its pioporties and uses t 

9 Desciibe the prepartion of carbon di xtdb, and give experi- 
ments to illustrate its properties 

10 A glass |ar is supposed to contain Bither oxygen, nitrogen, 
hydiogen or carbonic acid gas How will you ascertain its nature ? 

11 A oandla is burnt under a gas ]ar and eveniually the flame 
goes out How would you show the presence ot carbon dioxido and 
water vapour in the jar 7 

Whence do you suppose that different elements forming carbon 
dioxide and water come ? Give reasons for your answer 

12 Huw IS carbon monoxide prepared ? How does it differ from 
carbon eioxide 1 How can one be changed into the other 7 

13 Carbon dioxide does not snppoit burning hut potassium and 
magnesium burn in it Why is it so 7 Desui ibo the notion which 
takes plate in each case 

14 What chemical changes take place when carbon dioxide is 
passed thre gli lime water (a) in a small quantity, (6) in excess 7 
What hajjpens when the solution m (6) is boiled ’> 

13 You are given some lime water and asked to blow into it 
Hesciibe the changes you obseive, and name the substauces 
produced 

(F U„ Mnriic. 1920 ) 

16 How can you prove the presence of carbon dioxide in air 7 

Describe an experiment to show the importance of carbon dioxide to 
plants ( P V„ Maine, 1919 ) 

17 Describe fully the manner which the bieathuig of animals 
and plants effect composition of the air 

18, What 18 a earbonate 7 Name the ohiet varieties cf calcium 
cai boiiale i nd give the properties and uses of •aoh 

19 What elemuitB ere oontnmed in chalk What happens 
when it 18 strongly heated 7 

How IS lime manufactured on an « largo sola 7 
23 What IS (a) lime , (6) slaked lime , (o) lime water, (d) mortar, 
(c) cement 7 How is each obtained 7 

21 Describe the preparation and uses of coal gas 
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32 Deicrib* expenmants to show that burning and breathfng 
»!» similar prucesBes Tn uhat raspects do they differ from each 
other "> 

23 Give eipenraeiits to shew that — 

1 Sugar, potato, ete contain oarboa. 

2 Carbon dioxicla la denier than air 

3 Carboa doixid* is produced when lime juioe >a poured over 
chalk 

4 Soda rrater oantame carbon dioxide 

21 Hot are BtelletitaE, a»d stalagmites formed m nature t 





COMBUSTION AND FLAME 


Oombuslion. Combination of substances with 
oxygen is called oxidation. It is a slow process and 
only a small amount of heat is produced. Combustion 
IS a form of oxidation attended with heat and light 
In general the term combustion iS not only applied to 
burning of substances m air but is also used to des- 
cribe any chemical reaction that takes place with suffi- 
cient energy to produce heat and light. Any substance 
that burns m air is called combusiililf , and air and oxygen 
are called sMpporltrt of ccmhuiUon, The burning of ccal 
gas in the air is m reality, simply, a chemical reaction 
taking place between the caibon and hydrogen of the 
gas and the oxygen of the air, ]ust as the combustion 
of copper and sulphur is a vigorous chemical action 
between the two elements. 

The terms, combvshble and fupporitr of combut- 
lion, are interchangeable, for by bringing suitable 
changes in the experiments, the combustible 
body may be made the suppporter of combustion and 
uici ve)iia. Air burns m an atmosphere of coal gas 
and vice virsa. 

Experiment 101. Fit a wide tube with a cork. 
(Fig 50.) On top of It place a piece of asbestos 
having a small hole in it. Pass coal gas into 
the apparatus and burn it as it comes aut from the 
hole. Push up the tube through which the air enters 
till it reaches the c®al gas flame. Withdraw it and 
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cotitinue to burn in an atmosphere of 
At the top coal gas is burning in air. 


the air will 
coal gas. 



Fig. 50. 

A — coal gas burning in air. 
B — air burning in coal gas. 
C— an enters. 

D— coal gas enters* 


From the above experiment it is evident that the 
terms combiastible and supporter of combustion are 
interchangeable. This ptocess is sometimes called 
invtrted combustion, but the chemical changes that 
take plate between the two substances art the same 
in either case. In the same way oxygen will burn 
in an atmosphere of hydrogen. 

Experiment 102, Invert a large gas jar and 
111 It with hydiogin. Apply ^ hght to the mouth of 
I he jar. The hydrogen will burn. 
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Immediately pass up into the ]ar a tube from which 
oxygen is being passed. The gas 
bums as it passes through 
the hydrogen flame and con- 

tinues to burn in the atmosphere 
of hydrogen. 

Flam.i’, When chemical com- 
bination takes place between 
gases or substances which give 

off inflammable vapours on 
heating, such as wood or coal, 
Fig flame is produced. If one or 

both of the substances taking 
H— hydrogen. combustion are solids. 

0 oxygen burns. no flame is produced Magne- 

sium burns in oxygen with a 
dazzling light. It becomes exteimely hot and begins 
to glow but there is no flame Iron becomes white hot 
when burnt in oxygen and again there is no flame 

In these cases tne solids are not vaporized and 
hence no flame. But when a candle is lighted the 
wax IS melted and then changed into a vapour. In this 
state It unites with the oxygen of the air forming a 
flami whicii la reality is the space in which the chemical 
change is taking place. Similarly sulphur, phosphoius, 
spi It, kerosene oil, etc., are first changed into vapours, 
before they actually begin to burn, and produce 
flame. 

The structure of a candle flame Light a candle 
and examine its flame carefully The following parts 
can be seen m the candle flame : — 

1. The black xr,ntr zont surrounding the wick. 

It consists of unburnt gas, oi vapour of partly 
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decomposed wax No combustion 
takes place iti this zone of the flame. 

Experiment 103. Hold one end of a 
small mariow glass tube of about dmni 
bore m the candle flame at this place. 
Notice the unburnt gas passes up the 
tube and comes out at the other end. 
Apply light to this end, the gas burns 

Experiment 104. Lower a piece 
of stout white paper into the flame 
and quickly remove it. The paper is 
chatted in the form of a ring inside 
of which is unchanged. 

2, The. luminous zone. Outside the dark inner 

zone IS found the bughtest part of tha flame. This 
IS the largest pait of the flame and is the 

zone from which soot is deposited on a cold object. 
In this zone the gases aie partly burnt, and the 
unbuint solid particles of carbon from the wax aie 
heated stiongly and make the flame bright, 

Experiment lOo. Hold the end of a glass rod in 
the bright pait of the flame Notice black soot 
deposits on it 

3. N on-luminous zone. Outside the lummoiis 

zone ii an almost colourless zone. In this part burning 
IS I ompleted. It is the hottest part of the flame. 

Experiment 105-A. Dip one end of a moistenefl 
glass lod in the powder of copper sulphate and hold 
It just touching the bright zone. A green mantle 
surrounding the blight zone is seen. 

The non-luminous zone becomes luminous by 
introducing solid particles of copper sulphate or 
common s.ilt in it. 
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4. Thi non-luminous blue zom at the base of the 
flame. Heie the combusUoti is complete due to the 
presence of plenty of oxygen of the an 

The flame of an oil lamp or an ordinal y bright gas 
flame if examined, is found to consist of the same four 
parts as a candle flame although the shape may be 
diffeient. 


The Bunsen burner is the simplest type of a gas 
burnei. Coal gas or oil gas can 
be burnt in it with nearly com- 
plete combustion. The coal gas 
supplied through a side tube 
comes out thiough a small open- 
ing O and at once mixes with 
the air, which enters through 
hole at H. The mixture of 
gas and an passes up the tube 
and being ignited burns with 
a non-luminous flame at the top. 
If we shut off the air supply at 
the button by closing the holes 
the flame becomes luminous. 

When the air holes of the 
Bunsen burnei are open the 
flame is made up of two parts ; 
(t) a Zone of unburnt gases at 
the base— bluish in colour, (it) 
a faint bule cone surrounded by 
„ ... an almost invisible region of 

rig 

complete combustion. The air entering at the base 
causes combustion to go oti inside tht flame as well 
as outside. This causes the carbon to be burnt away 
completely to carbon dioxide without depositing any 

SiVjOtt 
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Lumtnositi/ of flames. We have already seen that 
the bright zone of a candle flame contains unburnt 
particles of carbon which deposit in the form of soot, 
and that the Bunsen flame deposits no soot. Thus it 
may be said that a flame that deposits soot is luminous 
and a flame that deposits no Soot is non-luminous. 
Hence luminosity of a flame is geneially due to the 
presence In it of small particles of a solid which 
become sufficiently hot to emit light. 


If a piece of lime is held in a bunsen flame, it be- 
comes white hot, and a very strong light known as 
lime-light IS produced. This principle, that solid sub- 
stances placed in a non-luminous flame cause it to give 
out light, IS used in the ordinary incandescent burner. 
In the Kitson lamp, for example, intensely bright flame 
is produced due to the heating of incandescent mantle 
which IS coated with fine particles of the oxides of two 
rare metals, cerium and thorium. 


Igwtion iemperalure. A combustible spbstance will 
not burn unless heated to a certain temperature. This 
temperature is called its ignition temperature. Thus 
the Ignition temperatuie of yellow phosphorus is 
about 34“C. 

If by some means the ignition temperature of a 
burning substance is lowered, it stops burning. 
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Experiment 106. Make a coil of a stout copper 
wire. Lowei it gently into a candle flame. The flame 
goes out. The copper coil should be close and 
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Fig. 54. 

C.S — copper coil 
C candle. 


The heat of the flame is taken away by the copper- 
wire so rapidly that the tempera tuie of the burning 
gas in the flame is lowered belowed the ignition tempera- 
tui e and hence the flame goes out. 

.SUMMARY 

Combustion is any chemical reaction that tukea place with 
Buffcient enfgrv to produce hent and light Oxidation is a slow 
prooebs , while coKibustion li very rapid 

Flame may be defined as a space in which chemical reaction be- 
tween gases takes place, accompanied by the production of heat and 
light If one or both of the sabslances tak^ng part m combustion 
are sohds, no flume is produced 

A candle flame is made up of four parte 4) A dark inner /one of 
no combustion round the wick, (ii) A bright zone of incomplet'^ 
combustion (in) A non luminous zone ot oomplet© eombustiou {iv) 
blue zone at the base — complete compuetion 
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Some Hemes ars luminous, some ar* non-lummous The luraiuoai. 
ly of a flame is due to the prosence in it of amill pactioles of solid 
which become sufflciently hot to omit light 

Ignition temperature of a subaUnca is the temperatuie to which 
it must be heated m order to make it catoh fire 


QUESTION 

1 Wi it* what you know about oxidation and combuBtion, Jb 
combustion oxidation ? 

Explain clearly the terms "combustible” and "supporter of eom- 
bustion '' 

2 What 18 an inverted eombiution ? Dsienbe experiments to 
illustrate your answer, 

3 Describe the structure of a candle flame What experiments 
Will you pertorm to show the presence of unburnt vapour m the 
inner dark none of the candle ? 

4 Describe the structure of a candle flame and give a brief 
account of the experiments that you would perform to show the 
change which takes place when a candle burns m air 
(Pr',j¥ ML 0,1925,) 

E Describe the oonstrucfion of a Biiiisen burner When is the 
biinsen flame (i) luminous, (li) non luminous and why ? 

i What IS the luraiimsity of a flame duo to ’ Explain Ignition 
Temperature 



CHAPTER XI. 


PHOSHPHORUS AND MATCHES, 

Occurrence. It has been ali jdy stated m a pre- 
vious chapter that phosphorus his got a stiong affinity 
for oxygen and that it begins to burn when exposed to 
air. You have seen that phosphorus is kept under 
watei to piotect it from an. It is, therefore cleai that 
phosphoius cannot occm free m nature. It occurs 
always in the combind state, chiefly as phosphates. 
Calcium Phosphate is a chief constituent of animal 
bones and teeth. Complex compounds of phosphoius 
are pi esent in muscles, nerves and brain of animals and 
are found also in plants. Amongst foods, egg yolk, 
beans, nuts, peas and wheat are rich in phosphorus. 
Calcium phosphate is pi esent in all feitile soils. 

Extraction 1. Formerly phosphoius was obtained 
fiom bone ash— the residue left after the destructive 
distillation of bones. This consists chiefly of calcium 
phosphate. Bone ash was treated with sulphuric acid 
in large woodep vessels to get phosphoric acid : 

Calcium phophate+sulphuiic acid==cakium 
sulpha ted- phosphoric acid. 

The phosphoric acid thus formed was separated 
by filtration, and was concentrated to a syrup. The 
concentrated liquid was then mixed with either sawdust 
or powdered charcoal or coke and heated in iron 
vessels to d^y the mass. The -dried mass was further 
heated in clay retorts to a white heat. Phosphorus 
distilled over and was condensed under water. It 
was fuither puiified and cast into sticks. 
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Now-a-dayb when electric powei is cheap 
phosphouis IS piepaied by heating stiongly 3 
mixtuic of bone ash or 


othei raineial phosphates, 
coke and sand in an 
electric fuinace. Phos- 
phorous vapours whkli 
escape neai the top arc 
condensed by cooling and 
the solid IS fuithei 
purified by melting undei 
a solution rf chiomic acid 
and cast into slicks of 
white phosphorus, the 
common form. 



Propniiea. Phospho- 
rus exists in two allotio- 
pic forms 

1. White 01 yellow 

foim 


F furnace, E— eiectiodes. 
1 .V,- phosphoiub vapouis. 
C— conveyei. H hoppei, 
phosphorus —the common 


stable, foan at the 


2 , Red phosphorus -the 
ord 1 la ry tc tnp era'tur c , 

White Pnosphorus. It is .almost colourless when nure 
but turns yi>llow on exposure to light, hence call d 
yellow phosphoiits. It is a tianslucent solid, like \vax 
111 appeaiance. It is soft and can be easily cut with a 

11? and bod^Sos''??''*^^ It melts at 

u and boil at -87 C. Its specific giavity is 1-83 to 

solve readily m?herVolwe mlf bcnSi^Tid' 1? vt'ry 

b«a«.e il'kod;'.. SliTe'! 



Experiment 107. Cut a small piece of phosphorus 
ruider watei and put it in a dish containing caibon 
■disulphide. Place a filter paper on a tiipod and pour the 
solution on the filter papci. Below the tnpod place 
a laige dish to catch the diops of the solution. Carbon 
disulphide soon evapoiates and phosphorus is left 
behind on the fillar | 'per in a finely divided state. 
So in the filter paper catches fiie. 

Both yellow phosphoius and its vapoui aie highly 
poisonous. Phosphorus leaJily undeigoes oxidation 
and forms white fumes of phosphoius poiitoxide when 
exposed to air. If kept in the dark, the oxidation is 
accompanied by a faint green glow, known a . phospho- 
lesceiice It bums at 34°C. giving dense white fumes 
•of phosphorus pentoxide. 

Red Phosphoru*. It is prepared by heating fused 
white phosphoius m a large cast iron retort provided 
with a cover. The temperature is kept at 230°C The 
yellow phosphorus is conveited into led phosphorus. 

It IS a violet led colouied powdei. It was foiinerly 
legardcd as amoiphous but is leally crystalline. It is 
insoluble in caibon disulphide. Its density is 2 1. It 
does not oxidize when exposed to air nor does it glow 
in the dark. It is not poismous. It burns at about 
24G®d, foiimng white fumes of phosphoious pentoxide. 
It IS not so ictiye as white phosphoi us. It is the stable 
foitn at the oidinary lempeiatuie, for white phosphorus 
passes slowlv into irtl phosphorus, even at oidinary 
temperature, when exposed to light. 

Both are, in reality, the diffcicnt forms of the same 
element, as is pioved by the fict that when equal 
quantities of both aie burned, the same amount of 
phosphoius pentoxide is foimed in cai h tase. 



Uses, Both the varieties are used in the manu- 
facture of matches. The use of the yellow variety 
IS not allowed by law because it is moie poisonpus 
and injurious to factory labourers. Yellow phosphorus 
IS ued as a lat poison. 

Oxides of Phosphorus. There aie two impoitanl 
oxides of phosphoius, viz., Phosphorous trioxide and 
Phosphoious pentoxide 

Phosphorus trioxide is foimed by buining phos- 
phorus in a limited supply of an. It is formed 
mixed with phospoius pentoxide. It is a snow-white 
waxy looking ctystaliine solid. It has an unpleasant 
garlic like smell. It is veiy poisonous. It slowly dis- 
solves in cold watei and foims phosphorous acid. The 
salts of phosphorus acid are known as phosphite, e.g,, 
when this acid acts upon caustic soda, it forms sodium 
phosphite ; 

% 

Phosphoius acid+sodium hydrate 
(caustic Borla) 

=Sodium phosphite-1- watei. 

When exposed to air or oxygen, it oxidues into 
phosphoius pentoxide. 

Phosphorus Pentoxide. It is obtained when phos- 
phoius burils in a free supply of air or oxygen. It 
is a white, amorphous powder. It has no smell when 
pure. It has a stiong affinity for water and is a 
hygroscopic substance. It is used as a drying agent 
for gases, dissolves in water with a hissing sound 
foiming phosphoric acid : 


Phosphoius pentoxide -fwatei=Phosphoi 1 C acid 



133 


The affinity of phosphoious peiitoxide foi water is 
50 great that it can remove the elements of watei fiom 
many organic and inorganic substances, e.,g,, it le- 
nioves watei fiom sulphuiic acid and nitric acid 
leaving behind sulphur tnoxide and nitric pentoxide t 

Sulphuric acid - water=Sulphui tuoxide. 

Nitric acid — watei' = Nitric pentoiide, 

Phosphoi'ic acid (1) It is prepared by dissolving 
phospoious pentoxide in cold water • 

Phosphorous pentoxide+water^Phosphoiic acid. 

(2) It IS also piepaied by the action of sulphuiic 
acid on calcium phosphate (bone ash) : 

Calcium phosphate-bsulphuiic acid =Calcium 

sulphate +phosphoiic acid 

(8) It can be piepaied by boiling led phosphorus 
with nitric acid Nitric acid oxidizes phosphoius into 
phosphoric acid with the evolution of oxides of 
nitrogen . 

Phosphorus -j- nitric acid=Phosphoric acid 

+ oxides of nitrogen 

Proper ties. It is a colourless crystalline solid. It 
IS sold in the form of solution which has no smell but 
a stiong acid taste. Its salts are known as phosphates, 
e.g,, when it acts upon caustic soda it foims sodium 
phosphate : 

Caustic soda -b phosphoric acid=Sodium 

phosphate +water. 

Calcium phosphate is the most impoi taut salt as 
It is present in all fertile soils. Phosphates are used 
as fertilizeis. 
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Matches. Theit. aie iwo lands of matches hi 
common use, vn,, the Lucifei matches and the .Safety 
matches. 

Expeiumeht 108. (a) Giind togethei tn a mortar 
equal quantities of potassium chlorate and sugar. Put 
the mixture on a slab i ud touch the mixture with a 
glass lod dipped in ?ulpliuiic acid. The whole mass 
begins to burn. 

(10 Mix throughly in a moitai equal quan 
titles of antimony sulphide, potassium chloiate and 
potassium dichi ornate. Put the mixture on slab 

and add a little red phosphorus. Stir the mixture. 
Aftei .a shoit time the mixtuie catches fire (The 
mixture will burn or.ly when it is thoioughly mixed 
better with a hamnci or spatula. Care should be 
taken foi the bunting particles fly apart.) 

The fit sc marches, nailed "dipping matches” were 
prepared by covering the end of the wooden splint 
with a paste of potassium chloiate, sugai and gum. 
This end was dipped in i bottle containing asbestos 
soaic (i in sulpliuti., acid. These matches did not 
become popniti is the substances used are ilangeious. 

The Tiicuo’i matches' weie manufactured by 
Upping the wooden splint with a inixtmfe of antimony 
''.iilpiude and potassium chlorate and weie ignited by 
rubbing between the folds of a sand paper. The heat 
picduced by friction ciusis th** sulphur in the 
.tntimony sulphide to combine with the oxypen of the 
potassium cbl - .ate 

The Lucifei match oi 'strike anywhcic' mate) es 
ate manufactured by dipping the splints of wood, 
in molten wax. They ate tipped wnh a mixtute of gum, 



vMih phosphorus aad potassium chalorate or red lead 
which IS kept iii a viscous form The tipped splints are 
then diied and packed in boxes. They can not be lighted 
by rubbing against any haid suiface. In order to 
save them from the action of an’ and moisture, the 
tipped ends aie dipped into varnish. When rubbed, 
the heat of the facua i ignites the white phosphorus 
diid brings about the combustion of wood. 

White phosphorus, as already stated, is very 
poisonous. Its vapours pioducc a disease of the jaws, 
"'Phossy Jaw” which was very common amongst the 
woikeis 111 these factoiies. Hence the use of phos- 
phorus has been prohibited by law m some countries 
and phosphorus sulphide which is not poisonous and 
which requires greater fiiction is used In some 
fictories scailet phosphoui:.— a special variety of 
phosphorus — is used to avoid the pvsonDus effect of 
vtUov/ phosphoius, 

S. feiy matches now are manufactm e J on a large 
scale The splints aie tipped with a paste of antimony 
sulphide, red lead, postassium chlorate, potassium 
dichiomate and glue. They can ignite only when 
rubbed against the specially prepared suiface 
attached to the box, which contains a mixture of red 
phosphoius-, antimony sulphide, powdered glass and 
gum. When the match stick is rubbed against this 
surface a little of the ltd phosphoius ignites by the 
heat pioduced by fiiction and the combustion takes 
place. 

sUMMARV' 

Theie ure two \ ar^etics of phoRphonjc — white fiird red 

Tho white UP is now a-«iiw8 prepared by Ixeafcing together 

oalrnim pho8p>iate, sand and coke \u an eleotric liirnace Tho vapou- 
la of phosphorus eie cnUetltd and condensed 



^hen wliitp phoapli'n'iia is hHato 1 in cloaaft 'L'ea'iolg with Mil 
about 2IiO'’C , rad phoiphorus is fouuecl 


WhiU f^hO'iplLOi fiH 

1 It la a white wax-hke subs* 
tance but turns yellow on 
, expo-iuie to light. 

2, It la soft and can be cut with 
a knifo 

3 It IS poisonous 

4 Its lieiiBity Id 1 83 

5 it rneliB at 4t^ (J, under watoi 

and burna at ^4^ 

6 It oxidizes vary soon and 

glows in tbo dark- -phos 
phoi ascent 

7 It is kept undei water to av 

Old ita oxidation It should 
be handled unclei water 

8 It iB soluble in oarbon cli- 

sulplude and other salvoiita 

9 It furuia phuephorua pent 

oxide ulion burnt m «ir 


Bed Phosphoru’i 

It IS a violet red powclor and is 
stable at the oidioary tempe- 
ratui e 

It i«i a powder 

It IS non poisonous 

Us density iw 2 I 

It does not melt but dueetly 
changes into vapour wlien 
heated to 290o C 

It does not oxidize in the ordi- 
nary air and emits no light 

It need not be Ijept under water 
for it burns at 260^0 

It 13 not soLubLe in oarhon di- 
suphid© 

It also loniii phosphoi Lid pent 
oxide when buinbinau 


When phosphorus burns in a limited supply of air or oxygen 
phosphorus tnoxide la formed whith when dissolved m watei forms 
pliosphoru-i arid whoso aaba are koown as phosphites 

Wlieii phosplioiiia burns in an excess of an oxygon, phosphorus 
pvntoxido js got which dissolved in water givo'^ phosphoric acid 
^'hose salts arc known us idiosphatet- 

PhObjihatcs are used us ferlih/ers 

White phosphorus is used in the manufacture of Lucifei matches 
Lucifci niatclies are tipjad witli a mixture of glue, while phospplioruH 
and potflbsuini chlorate oi rod lead and vauushcd They ignite when 
rubbdd ugaiiist a luud snrfaio Phosphomia being poisonous has 
been replaced by phosphorus sulphide or an allotiope, bcarlet phos- 
phorus 


Safety niatohes do not contain pliuapliorua m the tip The tip 
contains a mixture of glue, aribiraony sulphide, potasainm dichromate 
and red lead. The apeonl surface against which they are rubbed con- 
tains antimuny sulphide, led plioaphoras, Yellow piiospliorue is 
riatjil as a p Jiaon to kill lats 



QUESTIONS 


] (live tlio opuiironoe of phosphonia Why (liositoot 
free in nature ? 

2 Name the two forma of phoaphoriia, (five the chflieetenstic 
[liffeiance between them How would yon ahow their chemical 
identity ’ 

3 Wliat hiippena when phosphorm burns m («) a limited 
supply of air and (6) excess of air ’ (live propei ties of each eoinpound 

4 How 13 phosphoric aoid prepared ' What i3 it used for’ 

,1 How lire phosphites and plioaphates obtiii led 1 Whut is tlie 
use of phosphutes ’ 

0 How are hioifer and safety matches iTinnufactuinl '' 

Why 13 the use of white phosphorus disallowed ’ 

What 19 used in its place in tne mmiiifaotnre of matches > 

1 Distinguish between the properties of red and yellow phoa- 
phonis and mention wliat you know about phosphorus pentoxide 

8 Write whnt you know about the ditfeieiit variotiea of phoa 
phorus and the ohaiactenslic differences between them How would 
you show their chemical identity ’ What is the principal source of 
phoajihoruaand what are its important uses "> {P V,, L n.PJ'll) 



CHAPTER XII. 


SODIUM CHLORIDE, HYDROCHLORIC 
ACID AND CHLORINE. 

Sodium Chloride (Common Salt), 

Occurrence, Evervbody is familiar with this sub- 
stance for It IS an essential part of food. It is said that 
a man takes nearly 291h. of salt in a year. It occurs 
abundantly and is very widely distiibuied in natuie. 
Sea water contains about 3% of salt. The solid sub- 
stances in the sea water contain about 77'^ q of salt, 2% 
of potassium chloiide, 10"„ cf magnesium chloride, 
llO"',, magnesium and calcium sulphates, and a little of 
Ifalcium bicarbonate and magnesium biomide. Most 
I'bf the salt consumed in the world is obtained from 
lea water But in many countries, eg , in Austria 
and m the Panjab theie arc huge beds of rock salt 
of veiy gteat thickness. The s.iit range in Austria is 
said to be 500 miles long, 20 miles broad and 1200 
feet thick. The Salt Range in the Panjab contains 
layers 1000 ft. ihirk. The salt in the Panjab is 
mined at Khewta, Kalabagh and Kohat. There is a 
salt range in the Mindi State also. 

The rock salt is obtained by mining processes. In 
the Khewra mines there is a wall of translucent salt 
nearly 7 ft. thick Light burned on one side of the 
wall can be seen fiom the other, 

'Fhe ,‘Sf‘parahnn of salt from sea water. As stated 
above most of the "jalt in the woild is obtained from 
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sea water oi other salt lakes. In India, the salt is 
obtained by the evaporation of' sea watei on the Loasts 
of Bombay, Madras and Burma In . Rajpatana 
it IS obtained fiOm the Sambhar lake In these parts 
shallow beds are prepared near the sea coast above 
the level of the spring tides Sea water is cairied 
to these beds and allowed to evapoiate by the sun's 
rays. When the solution becomes concentiat-d 
enough, it la evapora ted to dryness in iron pans by 
means of wood fires. 


In cold countries, e. g , on the shores of the white 
Sea (Russia), the sea water is concentrated by freezing. 
Ice separates first, the lemaining sea water is very rich 
in salt. It IS fuither concentiated and salt got by 
evaporating over a fiie. 


Prop&rttes Common salt crystallizes in cubes. 
Rock salt when pure occurs m tiansparent or tianslu- 
cent cubic crystals, but often it is tinged yellow, brown 
pink, or even blue by impunties. The crystals have 
no water of crystallization and when a crystal of 
common salt is heated, it bieaks with a crackling 
noise known as Decrepitation. 

Salt IS soluble in watei. Its solubility in cold watei 
and in hot water is practically the same. The solution 
IS neutral to litmus Salt becomes moist in damp air 
due to the impurities in it jof calcium and magnesium 
chlorides. 


Uses. Salt is used foi seasoning food, It is used 
for the preservation of meat, lish and yhi^e, etc. It is 
used fj. glazing ea thenvaie, laoliciy, eg,, diain pipes, 
ttc It IS u=ed in the alkali mdustiv, for piodueing 
sodium caibonate and caustic soda. It is us'd i.i 



freezing mixtures m some soap fat, tones. In cold 
countries it is used to melt snow and ice on the 
roads. It ib also used in the manufacture of com- 
pounds of chloune. 

Hydrogten Chloride {Hydrochloric Acid Gas) 

PreparaUoii. (1) Hydtochlonc acid gas may be 
obtained by the direct combination of hydiogen and 
chlorine. Take a haid glass bottle and half fill it with 
hydrogen and half with chlorine. Place the flask 
containing the mixture of gases in sunshine. The 
gases combine themically with an explosive noise and 
form hydrochlonc acid gas. 

(2) Labaifitori/ method In the laboiatory the 
gas IS pieparcd by heating a mixture of common salt and 
strong sulphuiic acid in a hard glass flask. The 
chemical change that takes place is 

Siilphtinc acid+comraon salt=Sodium sulphate 

-f-hydiochloiic acid gas. 

Sodium sulphate is also called Glauber's Salt. 
This method is used to piepaie the gas on an indus- 
trial scale as well. 

Experiment 109 Fit up the apparatus as shown 
in the diagiam Remove the, stopper containing the 
thistle funnel and the deliveiy tube fiom the flask 
and put some powdered salt m the flask. Replace 
the stoppei and pass the delivery tube into a cylinder. 
See that the apparams is air-tight Add stiong 
sulphuii^c acid in the flask through the thistle 
fiinneh enough to covei the salt (Acid containing 
one part of watet may as well be used ) Heat the 
flask genih and collect the gas by the downwaid 
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dibplacement of ait. In ordei to find out whethei the 
jar IS full 01 not, take a burning mat h stick oi a 
moistened blue litmus paper near the mo ith of the )ai. 



Fig. 56. 

The match stick will be extinguished if the jai is lull 
and the blue litmus will be turned red. 

Collect a few jars with the gas to study its 
pi Opel ties. 

Experiment 110. (n) Examine the coloui of the 
gas, smell it and taste it. It has no colour, but has a 
pungent smell and soui taste. 

(h) Lowei m the same jai a buinmg candle. 
Notice the gas docs not bum and the candle goes out. 

(c) In the same jai put a moistened blue htuins. 
See that It IS turned led. 


(d) Inveit a cylinder full o'" the the gas, lemoving 
the cover fiom the mouth. Aftei a minute or so test 
the presence of gas by taking a burning match stick. 
There is no gas. It proves that the gas is htaviei 
than the an. 



(*) R"in3ve the cover fiom the 
cylinder full of gas and blow on it 
Fumes are seen. This due to the 
coinbmaiion of gas with watei of 
the breath and formation of hydio- 
chloric acid. 

(f) Take a large, diy flask B, 
fitted with a lubber stopper criiymg 
in it a tuba diawn out into a jet. 

Fill the flask completely with hydio- 
chloiic acid gas. Inveit the flask 
with the tube dipping into water 
coloured with blue litmus contained 
in a second laige flask, A. as shown 
in fig. o7. Blow into the shoit tube 
m the lower flask to force a diop 
of watei into the uppei flask. Fig 57. 

The gas dissolves in that diop and A— blue litmus, 
water fiom the lower flask luns in solution, 
the upper in the form of a fountain B— fountain, 
and tuins led by the acid solution 
formed. ^Fountain Experiment ) 

{g) Take a led dipped in 
ammonia neai the mouth of jai full Ij 

of gas and see the foimation of 
dense white fumes In oidei to . L t 

make the expeiiment more attiactive I 

proceed as below . — 

Experiment 111. Take a 
cylinder and moisten its sides with tl '.l,| 

hydrochloric acid. Take another 
cylindei and moisten its sides with 
ammonia. Place one above the I 'll' 

other. Both will be filled with a 

dense white smoke. (See. Fig 58.1 

^ ^ Pig 58. 

A— hydrochlouc acid. 

B- aiomonia. 
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J^roperties. Physical. It is a colouiless gas w.a'j 
a very ptuigent nntatmg odour, which pinches the' 
nose and throat. It has a sour taste. It is heavier 
than air and is extremely soluble in watei, one 
volume of water at 0“C, and undei iioiinal pressure 
can dissolve 503 volumes of the gas. 

Ghermcal. It does not bum oi support com- 
bustion. It turns moistened blue litmus paper red — is 
acidic. It fumes with moist air forming hydrochloric 
acid. It forms dense white fumes with ammonia 
foiming ammonium chloiide: 

Hydrochloric acid gas+aramonia 
=Animonium chloiide. 

‘The soluuon of the gas in water is called hydio- 
chloric acid. 

Compnsstion. HydiocWoiic acid gas is composed 
of equal volumes of chloiine and hydiogen. When 
one volume of chlorine and one volume of hydrogen 
aie mixed and exposed m sunlight, they combine 
with an explosion to form two volumes of hydrochloric 
acid gas. 

Hydrochloric Acid Pfi>paialioyi. It is prepared 
by dissolving hydiochlouc acid gas in watei 

Hydiochloiic acid gas-t-watei— Hydrochloric acid. 

Pioperttes Physical. It is colourless when puie 
but commercial is generally yellow in colour owing 
to the presence of impurities. It fumes in moist air. 
It IS sour in taste. 

Chemical, It tuins blue litmus red It gives 
stiong fumes with ammonia. It stains wood oi organic 
stibstaiiLCs yellow. Many metals, such as Zinc, iron, 
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etc,., bieak up the acid-forming hydiogen and then 
chioiides 


Ztnc+hydiochloric acid=Zinc chloride -f-hydrogen. 


Iron+hydrochlonc acid=Iion chlonde-f-hydrogen. 


Similaily, magnesium, aluminium and tin ate 
attacked by the cold dilute acid. Aluminium and tin 
aie more re.idily attacked by strong hot acid, Mercury, 
silver, gold and platinum aie not attacked eithei by 
strong or dilute acid, cold oi hot. (Copper and lead ate 
not dissolved by the cold dilute acid unless exposed 
to the air ) 

The salts of this acid aie known as chlorides, 
sodium chloride being the impoitant. 

Uses It IS used m the manufacture of chloune 
(foi bleaching powder mdustiy), in dyeing, calico 
punting, the manufactuie of colouis, in tanning 
industries and in cleaning metals. It is sometimes 
given as medicine and is piesent in the gastric 
juice of the stomach. It is an important leagent in 
the laboiatory. 

Test. It foims a white precipitate insoluble in 
acids with a solution cf silver nitrate. The precipitate 
IS soluble 111 ammonia and becomes black when exposed 
to sunlight : 

Hydiochlouc acid-fsilvei nitiatc = Silvei chloiide 
+ nitric acid. 
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Silvei chloiide is insoluble and settles down as. 
a piecipitate. The same test holds good m the case of 
a soluble chloride, e.g ,sodium chloride. 

Experiment 112 Dissolve a little of sodium 
chloride in a test tube. Add to it a few diops of silver 
nitrate solution. A thick white precipitate is formed ; 

Sodium chloiide -[-silver nitrate = Silver chloude 
-l-sodium nitrate. 

Note. Sliver nitrate solution is kept in deep blue 
bottles for it turns black on exposure to sun light. If 
put in oidmary bottle, it should be covered with 
black papei. 

Aqua Regia. As already stated gold is not 
attacked by hydrochloric acid. However, when thiee 
volumes of hydrochloric acid and one volume of niti ic 
acid are mixed, the mixtuie dissolves gold. It is 
known as aqua regia— Royal water, on account of its 
property of dissolving gold— ‘ the king of metals.’ 

CHLORINE Occujrence Chiorme does not occur freo m 
nature, but la found abundantly m the form of chlorides, chiefly 
Sodium and magnesium chlorides 


Pieparntion, ( 1 ) Fixim Hydiochloric uK\,d In the laboratory, 
chlorine 16 prepared by heating a mixture of manganese dioxide and 
concentrated hyorochlciiic I Old in a flash The action takes place 
m 1 wo stages, 012,, the fornaation of a higher chloride (manganese 
chloride) and water in cold acid. When heated it deoomposea into 
chlorine and leaves behind a lower chloride (manganous chloride) 
The complete reaction takes place as 

Hydrochloric acid -j- manganese dioxide, 

= Manganous chloride c hloi ine-[- wat ei , 
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EXPl<]!iCAIb)Nr 113 Kit up the apparatus as aliowui iii tig 50 

aud bo sure that it is air tight Eemo\e 
the Btoppoi fitted with thistle funnel 
and delivery tuba and put aoma manganese 
dioxide 111 the flask Reinsert the stop 
per and add enough liydrooblono aoid 
thruugh the thistle funnel to cover the Mnn- 
ganesB dioxide Warm gently, A greenish 
yellow gas la given out uiiich soon fills the 
flask and the jar Remoi e the jar and keep 
it covered Collect a few jars of the gas to 
study its properties 

Note 'I he gas IS veiy poisonous aud 
therefore, should he prfcjiar d in tlie open 
air or in a fillip f niihiiaid, if there is one 
ra the laboratory Aftn pi i paring the gas, 
tlio apparatus should be at once discon T ig 59 

nected and washed All the experiments with the gas should lie 
porforniecl in tlie o]ieu air Do not inhale the gas 

(2) FioniSntt Sometimes instead of using hydrocliloue and 
I oimiion salt and stiong sulphuno aoid are heated with manganese 
dioxide fieie hydrochlono aeid la pioduced first and is then oxidissed 
by the manganese dioxide 

(i) yoduini ( hliuido^sulphuric aoid -j-manganese (lioxide = 
JIangaiiese dioxide_j_ hydrochloric n diuin .idph,iie 

tit) Manganese dioxide-j- hydrochloric acid 
— Jlangaiioiis chloride -)_ chlorine-|- water 

I'he apparatus used for preparing gas by this uielhod is the saino 
as shown in lig,j9 

(3) Now -a days moat of the ihlorine used in mclnslriea is 
produced by the electiolysis of sodium chloride solution Chlorine is 
deposited at the anode and the sodium ions deposited on the kathode 
react with water to form caustic soda and hydiogen The action 
that takes place is — 

b'odnim chloride -j- wa tar ss Sodium hydrate (Caustic soda) 

chlorine -j- hydrogen, 

Hydiogon cscaptiib at the negative pole 
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EXPEHIMEMT 114 {a) Examine tlia colour uftliegae It is 

greenish Its smell is very irritating It should not 
be smelled, it is poisonous 

(b) In\ ert a cylinder full of the gas m a trough 
of water After a short time, Bonia water rises into 
the 3 ar Tnis water has all tho charotenstics of the 
gas — chlorine water If the apparatus has not been 
disconnected pass the gas for a fen minutes i n a j ai 
oontaining water to get good chlorine water 

(0) Lower a burning candle in a jar tuil of 
the gas file oand.e eontmufs burning dimly 
with a very smoky flume 

(d) Put a moistened litmus paper, blue, oi red 
The oolour la bleaclied In the same jai put si me 
nioiatened coloured flowers The i oiour is bleached 
In the same cylinder put a piece of paper writing 
your name on it See that the colour fades 

(e) Warm a little turpentine oil in u dish and soak a filter paper 
in It Put tbe^ fitor papei m a cylinder full of the gas It catches 
fire giving out smoke 

(/) Powder a piece of antimony m a mortar and sprinkle it m a 
jar of chlorine The pai tioles bum brilliantly fi rming dense white 
fumes The fumes are of antimony chloride 

(g) Take a small piece of phosphorus in a deflagrating spoon 
and lower it in a jar of the gas Phosphorus burns with a pale flame 
forming phosphorus chloride 

(k) Put a ‘•mall piece of sodium in a deflagrating spoon and heat 
it till it catches file Introduce it into a jar of chlorine Sodium 
continues burning brightly forming sodium ohlroide 

(1) Throw a thin leaf of copper or Dutch Metal m a jar of chlori- 
ne The leaf at once catches fire 


Properties (aj Physical Chknne is a greenish yellow gas 
with a most irritating smell It it, times heavier than air and is 
thug collected by the downward displacement of air It is fairly 
soluble in water, the water has all tho peculiarities of the gas and 
IS known as chluiine water 
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[b) Olitinical Tfc iR as active as oxyperi and eoinbiries leadiiy 
■With hj'drogen to form hydrochloric acid If a |et of hydrogen lo 
bmned in a jai ot this gas it burns with a greenish iiiiroo and fumes 
of hydroehloric acid are formed. It diieetly tombmea with most 
metals forming then ohloridcs, e (/ , antimony, copper, sodium, etc 
It combines with non-metals to form their thloridos r g , phosphorus 
forma phosphorus chloride when burnt in it Chloriiio has a strong 
affinity for hydrogen and removes it fiom water, setting fiee oxygon 

■Water -|- ohloi iiia=[Iydioohli>iic acid -|- oxygen 


'riiis oxygen which is in the nascent condition bleaches vegetable 
colours t'tdorine .iho removes hydrogen fiom carbohyrirntf s and 
sets free caihuii t 1/ in the hmniiig of candle .md turpentine 111 the 
above expeiirno iits the sinoke given out is the carbon set fiee 
Fumes of hydroi liloric acid also accompany carbon smoke 

Blraclumi noliaii of Chhnni Chlorine as atated above has 
stmim aOioity foi hydrogen and rsmoves it fioiii water 'Jliua when 
a siibatanco whose colour la to bo bleached is moistened and put in a 
lai fullotcl'ioiine, the gns takes up hydrogon fiom water forming 
hydrochloric acid and sets free oxygen The oxygen being in the 
nasteut condition is very active and oxidiiies the colouring matter 
mto colourless oxide Dry chloniio cannot bleacli colour 

Bhachinq Poiodei Bleoolung powdei is ii«Pd for bleaching the 
colour of fabrics It is prepared by passing a stream of ohlonns 
over dry slaked liino It is a mixture of ooloium chloride and oalci- 
iira hypochlorite It is a white powder and is more convenient to 
uso thiln oblnnna Its action aa a bleaching agent depend , upo 1 
the fact that it leadily gives up its ohloiine when acted upon even by 
weak acids like tarbomo acid The chlorine liberated acts ns stated 
above Bleai hing powdei is used for dis-nfectiiig purposes os well 
because chlorine aits upon organic Bubstsuces, and destriiys germs 
Bleaching powdei is used foi purifying water toi drinking purposes 
in towns {Ghlo) malod tc-ulct) 

la order to use bleaching powdei proceed as below 

EXPiiRIMENT 115 Take two beakers In one prepare a solution 
of blearhirig pon der, in the other a veiy dilute solution of some 
aoid say, sulphuric acid Dip the piece of cloth to be bleaehed first 
in the bloat lung powder and then in the weak acid Repeat this 
process till the colour is completely bleached Finally wash the 
clcth 111 water to remove the excess of acid Final washing should 
he very thoioiigti or the fabuc will be damaged 



jV'Rfp Woollsn iiiul ailKen clotliea are not hleacl'prf by tins 
powder, as they “■'s deabroyoil Tbay are bleached by hydrotten 

pero\ ide sill ph'ir ilk’Vide 


Usch oj Chloium It is chiefly used In blenching cotton goods 
*nd paper pulp used m the manufacture of paper It is used as a 
ilisinfectant to pmify water Large quiintiLiea of the gaa are 
need in the inamifaoturiiig of bleaeliing powder 


Chlorides. As stated above cl londes are the salts 
of hydiochlonc acid. They may be prepaied by the 
following methods ; 

(1) By the direct combuiaiion of chlorine with a 
metal, e.y., copper or zinc : 

Copper +chlQrme= Copper chloride. 

(2) By the action of hydrochloiic acid on 
metals, e,g., 

ZmcH- hydrochloric aicd~Zmc chloride 
-1- hydrogen. 

(3) By the action of hy ochlonc acid on the oxides 
of metals, e.y.. 

Zinc oxide+hydrochlonc acid=Zmc 
chloride+water. 

(4) By the action of hydrochloric acid on the 
hydroxide of a metal, e.g , 

Sodium hydroxide + hydrochloric acid=Sodium 
chloride + water, 

(5) By tfie action of hydrochloric acid on the 
carbonate of a metal, e.y , 

Cakaim carbonate+hydiochloric acid=Clacium 
chloude + water+caibon dioxide. 



Most of the chlondfs are soluble in water. Silver 
chloride, mercurous chloride, cuprous chloride ate 
however insoluble m water. 

The test for a soluble chloride is the same as for 
hydtochloiic acid. 


SUMMARY- 

Sodiuna chloride la very i omiuon in iiutiira and is present in sea 
water, Salt lakes and brine springs. Fniiiid in large beds as lock salt 
Rjck salt la mined m the T'aiijab at Khewra and Kalnbagh, etc, Sail 
trom sail water is piepnred by evaporating sea water in large beds 

Si dniin chloride is used in household os a pieaervative, in alkah 
indasi I y and in the inmuifavtiiio of oompimnda of chlorine 

Hydrochloric acid gas. Ftcfiaiuliof It la prepared by lienting 
a mixture of sodium olilnride and strong suljiluirip acid in a Soak nn 
18 collected by the upward displncenisut of Wr Hvilrochlorio aoid 
gas IS e. olved and Otuiiher a salt is left in the flask 

Frofjeitti It IS £1 colourless gas with irritating niloiir It is 6,>ur 
to rajie and 18 exireinelv solnhle ijv water The solution isichmvnas 
hydrc.thlunc acid The gas does not support tun. biiHtu.n nni is com 
liuatilde It Imnos in innHt air and with aniinonia tonne niivtnuniurn 
tliinruls It turns moist blue lilnins paper intn red 


Aition of hv ilrntliloTir acid on luntals miij be siimmari/ed us 
below 


Mtitalfl j 

ToM (hlute Hytlitj- 

strong Hydro 

1 

eblorii nfiil ) 

u-blorir acid 

ilinc, inagnesiuin and [ 
iron 1 

Dissolve leadilv ' 

DissoK a reoililv 

Ahimimnia and tin | 

Djflsoiove »>uw)y 

Disaidve readily 

Copper and Lead j 

Insoluble Are stowl^ 
attacked lu the proa- 
ente of ftir 

XnBohihle 

ilerenry Silver | 

lusolii ble« 


Gold, Platinum I 


Insoluble 


f/ es, llydroPhloiic aciil is used m tlie inamifacltire ot ohiorine 
dyes, (’ ilioo printiog, man ili l‘t■ure of (olmira, in c leaning metals and 
111 tanning md isfcry Used as ii. reagent in the laboratory 


jCrif, iSilvai nitrate gives a tliicic wliito precipitate of silver 
rhloride wiiieh is soliiWe in ammonia 

Chlorine It la profiared by heating (i) hydroohlonc acid and 
mangariesp dioi-ide, (ii) A nnvtiiro of siilphmic acid and i ninmnn 
salt la heat'd with manganese dioicidn, (tn) By the elcrtrolysis nf 
a I Idoride, i hiefly sodium rhloride 


Piojiertiei It is greenish-veUow gas a disagrieable irritat- 
ing snulK ft IS haavior than nir and soluble in water The solution 
Us Know 11 as olilori ' 6 water It la non-i'ombiistible but supports 
I ondmstion. I’hosphorus and sodium burn in it to t irni their clilorid- 
es Candle hiirna 111 It with n sooty flame. It is veiy sctive It baa 
a gi eat nffliisty for hydrogen, removes It from wafer, thus setting 
free oxygen 'ihi< b oxides and bleael es vegetable colours 


Uses It IB used as a bloacbiug agent and disinfectant It m 
used in the manufattuio of bleaching powdtu 


Sifipliio dioiiih 

Sulphur dioxide bleaches vegetable 
I uloiirs in the presence of moisture 
Milphur dioxide takes up oxygen fioiu 
the moistuie anri seta free liydro- 
gni which being m the nascent 
condiiiun IS vary aitive and le- 
diices the coloui ing matter 

The bleached i oloiu can be restored on 
exposure to air or bv the addition 
of a tew drops of oulphunc iicid 
It docs not injure del'oate nbres Idee 
wool and silk. 


i'hhi me 

Chlorine bleaches colour’ lu 
the prispni « of moisture 
ChloriDo removes hj'ilrogen 
from inoisfin e and sets free 
oxygen whicii being in the 
nascent condition is tery 
active add oxidires tlio cn 
louring matter 
Golouronce bleached cannot 
be restored. 

To desliots sdk and woo 
hbres 


QUltSTIONS. 

1 Gi\ 6 the oi 1 urrence ol coinnsiin salt How is it obtained fium 
sea water ? What are its uses ' 

3 How 13 hydrochloric acid gas propaied in the laboratory ’ 
(live its properties and uses 

3 Describe the action of hydroeliloi IB acid oil iinpoitant raetals 
How are < liloi'ides obtained What la the test tor a olilondeoi hydro- 
I'l'loTKi acid ? 



4. What happens when sadium elilniicle sulution is ole; fr;)tyBi.a 

"i How IS hydiOi'lilQiio aciil obtairiflj ' Give a shoi b aorount q( 
its duel properties ainl uses ’ I' , M ck ^ L 0 , lU^ri) 

0 Describe caretolly the raathod of propaiation oinl oollootioii 
of hyiUochlocio acid gas Wliat exporinieots will you peiform to 
ihow its properties ’ What is its composition ? How can it be deter- 
mined by the synthatio method J (P U , M tb S L,G , 1917 } 

7, Describe the obeinieal changes that take place when dilute 
hydrochloric acid acts upon ( 1 ) Silver uitrate, (2) Iron, ( 1) Araraonia 
(4) Caustic Boda, (5) Silver and (6) Magnesium ‘ 

S You aie provided with four bittlia, containing water, dilute 
sulpliuric aoid, dilute hydrochlorii o/ id and s id i watei. What ex- 
peiiinjiita w.ll you perform to distiugiiiah them from one another ’ 

9 Dsaciihe the preparation, properties and uses of chlorine 

Irt, Desciibe what happens when each of the following is intro- 
dureilina jar of ohlorino Give reasons 

(a) V burning candle, (6) a filter paper soaked ir> hot turpentine, 
(c^ iL moiateneii flower, (d) phosphorus, (e> powdered antimoiiv. 
If) copper leaf 

1 1 A piece of coloured doth is dropped in a jar of dry ohlorme 
Will tho ; olour blaach '> What will ■yon do to blench the colour and 
why? 

12 How 13 bleaching powder prspared and used '* Why is it 
preferred to chlorine t 

TJ, Compare the blosi hing action of i tilorino and uulplnir Jioicidn 

1 14, Write short iicilcs on (a) Deti epitation (/i) Chlnnne watei, 

(r) Dialinfccfing property nf chlorine 

IS Account for the fumes seen when (a) hydrochloric acid gas 
comes m contact with moist air, (6) when a rod dipped m ammoniw 
IS brntight near hydrnrt lone acid 

111 Wh-it liajjpens when — 

(1) Sulphuric acid la heated with comiron salt ’ 

(2) Sulphuric acid, eomrann salt, and manganese dioxide are' 

heated together ’ 

(3) Soda water is added to the bleaching powder ? 

(4) Equal quantities of c'hloi me and hydrogen are mixed and 

exposed to sunlight ’ 

<6) Three volumes nf hydrochloric acid are mixed With one 
volume of nitric acid 7 What la this mixture used for •> 



CHAPTER XI;L 
COMPOUND? OF NITROGEN. 


Ammonia OccurrencK. Ii is the most important 
compound of nitiogen and hydrogen. It occurs in 
small traces in the atmotpheie and m ceitain waters. 
Its presence in these cases is due to the decomposi- 
tion of organic substances containing nitiogen. The 
bad smell in uunals and m the stables is due to this 
gas. If water smells of ammonia, it should not be 
used for household oi drinking purposes 

In the combined state ammonia exists in the soil 
as ammonium nitrate and ammonium chloride 
{nfiu&hadnr) Ammonium chloride and ammonium sul- 
phate aie found deposited on the sides of the crateis of 
active volcanoes. 

Ammonia was known to ancients as 'the spirit of 
hart's hoi ns' as it was prepaied by the destructive 
distillation of hoofs, hoins, hair, hides, etc , of animals 

fftparalion. Ammonia is piepared m the labor- 
atory by eithei heating conceniiated solution m a flask 
or most commonly by heating i mixture of ammonium 
chloride and dry slaked lime in a flask. The chemical 
action takes place a': follows; — 

Ammonium chloride -(-calcium hydroxide = Calcium 
chlonde-f water -f ammonia. 
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Experiment IIC, Fit - up the apparatus as shown 
in the Fig,61. Prepare a mixtuie of equal quantities 
of ammonium chloride and diy slaked lime. Put the 
mixtuie in the flask and fit it with the stopper con- 
taining the the delivery tube as shown in the diagram. 
See that the appaiatus is air-tight Heat the flask 



Fig 61 

A — Flask containing ammonium chloride and slaked 
lime B — Ammonia Gas 

gently and collect the gas by the upward displacement 
of air. Tf dry ammonia is requed it is passed 
through quick lime contained in a vessel. Collect a 
Lw cylinders of the gas and keep them aside, with 
their mouths covered. Perform the following expeii- 
ments to study the properties of the gas, 



Experiment ir7. Notice the coloui. (a) Remove 
the disc from a )ar and smell the gas. It bungs tears 
111 the eyes 

(6) Put in the cylinder a moist red litmus papei. 
It IS turned blue. 

(c) Bring a rod dipped in hydrochloiic acid 
neai the mouth of the jai. Notice the formation of 
dense fumes. 

(d) Take a rod dipped m nitric acid near the 
mouth of a jar full of the gas. Notice the formation 
of white fumes. 

(e) Invert a ]ai full of the gas m a trough of 
water The watei soon rises and fills the jat, 

(/) Perform the fountain experiment as m the 
case of hydrochloric acid — Exp.110 (/). In the lowei 



Fig 62. 

fla'Sk put water colourad with red litmus. It will be 
turned blue. 

For the fountain expeiiment apparatus shown 
in Fig. 62 may be used. It is simpler than the other 



[i]) T.ike a paper dipped m tiiimeiic solution and 
put It 11110 a jar cf the gar. It is turned reddish brown 
(//) Dissolve in a test tube some copper sulphate, 
add to the solution some liquid ammonia. A deep' 

blue colour is pioduced. This is used as a test for 
ammonia. Any salt of coppei may be used 

Properties. Physical It is a coloui less gas with 
a chaiactf iistic pungent smell When inhaled sudden- 
ly It hi mgs teals in the eyes It is lighter than air 

and IS, therefore, collected by the upwaid displace- 
ment of air It IS extiemeiy soluble in watei as is 
illustiated by the fountaiu experiment above. It has 
a burning taste. It is easily liquefied by cold or 

pressure, to a coloui less liquid which is used m lefn- 
\geraimg machines (ice manufacturing machines) and 
iS'-^ld in iaige cylindeis 

’'Chemical It does net burn nor supports combus- 
tion, \ It, however, burns in an atmosphere of oxygen 
with \a greenish-yellow flame The flame is m reality 
due to the burning of hydiogen set free when ammonia 
is heated Thus we get nitrogen and water when it 

bums m oxygen T turns led litmus blue and yellow 
'utmeijc biowmsh red It fumes with hydrochloric 

i cid and nitric acid, foiming ammonium chloride and 
mmonium lutiate lespectively. With sulphuric acid, 
fimmonium sulphate is foimed. Thus ammonia cotn- 
aines directly with acids forming their respective salts. 

It floes not fume with suiphuiic acid When if 
dissolves in watei, heat is given out and ammonium 
hydrate, a stiong alkali, is formed. 

In the presence cf heated platinum as a catalyst, 
a mixture of ammonia with air or oxygen is oxidized 
To mine acid : 

^ mmo n la -foxy gen = ffitric- rcid. 
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Manufacture On a latge icalc ammonia is pic- 
pared by heating the ammoniacal liquor got in the 
distillation of coal The liquoi is mixed with lime 
and heated to get the gas 

In most countries it is piepaied by synthetic 
methods, t e., combining nitrogen and hydiogen under 
certain conditions. 

Ammonia is made up of one pail of nitiogcn and 
thice paits of hydiogen by volume. 

Uses Ammonia gas is used m the manufactuie 
of sodium caibonate (wasliing soda). Liquid ammonia 
IS used in refrigerating machines. Its use in these 
machines is due to the fact that liquid ammonia absorbs 
heal in evaporating. It absoibs 2H0 cals, per gram, 

i.e., one giam will be able to freeze =3 grams of 

watei at 0' into ice. It dissolves giease and hence is 
used as a cleansing agent Its salts ate used m 
medicine, e.g,, ammonium carbonate is sold as smelling 
salt. Ammonia liquoi is used in case of wasp sting. 
Ammonium hydiate — the solution of ammonia in 
water— is use& as a reagent in the laboiatory. 

Test for Atnmonta. The gas is detected by its 
smell; by its action on turmeiic papei, mining it 
leddish blown and by producing fumes with hydio- 
chloiic acid. Liquid ammonia produces a deep blue 
colour with copper salts. 

Nitric acid 

Occurrence. Nituc acid is anothei very impoitant 
compound of nitrogen with hydiogen and oxygen. 
It occurs freely in small traces in the atmosphere. It 
is widely disti'ibuted in nature in the foim of nitrates, 
chiefl) sodium nitiate (Chili saltpetre) and potassium 
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nitrate or iutic» Nitre is common in the Punjab, 
chiefly in Shahpur Mianwali and Rohtak distiicts where 
there aie big works ^or refining nitre. 

It was known to the ancients under the name of 
aqua fortis (strong water) probably due to its pro- 
perty of dissolving most of the metals. 

Pj cpai alton. In the laboiatoiy it is prepared by 
distilling a mixture of potassium nitrate with concen- 
trated sulphuric acid iii a glass le tort and collecting the 
acid in a receivei cooled by watci. The action 
that takes place is : 

Potassium nitiate-fsulphuric acid— Potassium 
sulphate -4-nitric acid. 

Intsead of potassium nitrate, sodium nitrate may 
be used. 

Experiment 118. Fit up the appaiatus as shown 
111 the Ffg. 63, In the letoit put a small quantiry 
of potassium nitiate and enough concentrated 



sulphuiic acid to cover it. Fix it on the ring of the 
clamp stand and connect the neck with a flask kept 
in cold water, as in the diagram 63. Plug the the mouth 
of the flask by cotton so that fumes may not come 
out. 
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Heat the retoit gently. Biown fumes are given 
off in abundance and soon diops of a light yellow 
liquid are seen to fall in the reciever. Collect sufficient 
amount of the acid. Peiform the following expeii- 
ments to study its pioperties. 

Experiment 119 {a). See the colour of the liquid, 
smell It. Take a drop of the liquid and put it in a glass 
of water. Take it. It is sour to taste. 

(b) Take a little of the acid in a test tube and 
dilute It with water. Put in it small pieces of blue and 
red litmu'^ paper. Blue litmus is tuined led 

(c) Heat a few drops of nitric acid in a test 
tube, a reddish gas is given off. 

(d) Heat strongly a quantity of saw dust ai an 
non tray till it is chaiied. Add a few diops of 
strong nitric acid on it. It begins to burn. 

In (o) and (d) use nitric acid prepared in the 
laboratory to get good result. 

(fl) Repeat experiment (d) with a icd-hot glow- 
ing charcoal. It bursts into a flame. 

if) Fix a clay tabacco pipe with a long item in 
a clamp stand as shown 
in the Fig 64, Con- 
nect the stem with a 
rubber tube which leads 
into a trough of water. 

Invert over it a test 
tube full of water. Heat 
strongly the stem of the 
pipe. Add a small 
quantity of -concentra- 
ted nitric acid in the Fig 64 

bowl. Bubbles of a gas arc seen to use in the tube. 
Remove the tube when full of the gas. Test the gas 
by introducing in it a glowing spimtci. It begins 




to bum showing thcicby lh.it the gas is oxygen, 
Nitiic acid when heated gives up its oxygen. It is an 
oxidizing agent 

((?) Test the action of acid, both strong and 
dilute, on zinc, copper, lead, non, and magnesium. 

(A) Introduce a match suck in the acid. It is 
turned brown, 

(i) Take some nitric acid in a test tube and add 
to It gently a solution of feirous sulphate (non 
sulphate). On the surface is formed a dark ring which 
disappears on shaking. 

Repeat the same experiment with dilute nitric acid 
01 a solution of some nitrate, Befoie adding ferrous 
sulphate add in this case a few drops of stro.ig sulphuiic 
acid, The lube btcomes hot Cool the tab,, and then 
add gently the sulphate solution. The black img appears 
as in the cxpetiment (i) and it disappears on shaking, 
This expel iment is used as a test foi nitiic acid oi 
nitiatcs The sulphuric acid being heaviei settles at 
the bottom of the test tube and the black ring appears 
at the junction of the acid and the solution. 

Prop&jtiRS Physical. Nitric acid is a colourless 
liquid when pure Commercial acid is pale yellow 
m colom due to nitrogen peroxide dissolved in 

It, Its specific giavity is l-,o2 and boiling point 

IS Sfi'C 

Ohemtcal. It fumes in air It is veiy coiiosive, 
and causes painful wounds. It stains skin deep yellow. 
A piece of wood is turned blown in it. It turns blue 
litmus red. It decomposes on heating, giving off oxygen 

and oxides of nitrogen. If is an oxidizing agent. 

Glowing charcoal oi heated saw dust burns when a few 
Jiops of this acid are added because of the oxygen 
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winch It gives up readily to support combustion. 
Phosphoms is oxidized to phosphoric acid and sulphui 
to suiphuiic acid by concentiated nitric acid : 

Phosphouis 4- nitric acid-^Phosphoiic acid-f 
oxides of mtiogcn. 

Sulphui + nitiic acid=Sulphunc acid-foxides of 
nitrogen. 

It acts upon most of the metals giving off oxides 
of nitrogen and forming nitrates of the metals. 
Magnesium is the o ily metal which libeiate^ hydiogcii 
when dissolved m dilute nitric acid. 

Ferrous sulphate reduces nitiic acid to nituc 
oxide which dissolves m excess of ferrous sulphate 
solution giving a brown ang. 

Action, on metnls. Sodium, coppei, silvci, Zinc, 
meicury, non and lead when ^ted upon by nituc 
acid foim then respective nitrates, water and oxides 
of nitrogen. Aluminium, gold and plaimum aie not 
attacked by the acid, dilute or stiong. 

Till with stiong nituc acid gives metastaniiic 
acid, water ?nd oxides of nitrogen. In dilute nitric 
acid It slowly dissolves to form tin nitiate, ammonium 
nitrate and watei. 

Magnesium is the only metal which displaces 
hydrogen fiom dilute nitric acid. (Use very dilute 
nitric acid.) 

Manufacture, On a laige scale the acid is piepared 
by the distillation of sodium nitrate mixed with strong 
sulphuric acid in large cast iron retoits, and the nunc 
acid is condensed in stoneware or earthenware vessels 
kept m cold water. Much nitric acid is now made by 
the arc piocess flora the atraospheuc mtiogcn (the 
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fixation of nitiogen) and by the oxidation of aiiim'onia, 

Utie/f oj Ntino Aad. It is used as a solvent foi 
metals, and foi etching on coppei. It is used widely m 
the jnanufactuie of dye-stuffs, explosives and sul- 
phuiic acid. It IS used in battenco Its salts are 
used in calico printing, photograpfiy, etc. 

Nitrates- Nitrates are the salts of nitrrc acid 
They ate obtained in the following ways ; — 

J By the action of metals on nitric acid, e j , 
Copper + nitti acid=Copper nitrate-foxides of 
nitrogen-)- watei . 

d- By the action of nitnc acid on the oxide or 
hydroxide of a metal, f y , 

Nitric acid-f-Lead oxide == Lead nitiate-1- watei 

Nitric acidH-sodiuiii hydroxide=Sodium 
mtraic-)- watei. 

By the action of nitiic acid on carbonates, e.g. 

bodium carbonate-hnitric acid=Sodiuni nitiate-i 
carbon dioxide -f watei 

f. Ammonia combines directly with nitiic acid 
to form ammonium mtiaie. 

All nitrates are soluble in watei. When heated 
strongly all decompose Nitrates of heavy metals, e.g., 
leail, iron, copper, etc., when heated decompose into 
oxides of nitrogen and oxygen leaving behind an 
oxide of the metal •, 

Lead mtrate->Lead oxide-j-oxygend-oxide of 
nitiogcn, 



Nutates of alakli metals, p,q , sodium and potas- 
sium give out oxygen leaving a nitrite, thus : 

Potassium mtiate — •■Potassium nitrite -f- oxygen 

Ammonium nitrate when heated gives water and 
a gas called nitrous oxide. 

Nitrates act as powerful oxidizmg agents when 
heated. 

Experiment 120, Heat in a test tube a small 
quantity of Potassium nitrate till it melts, and then 
drop into it a piece of dry charcoal. The chat coal 
Ignites and burns violently forming carbon dioxide. 

Similaily sulphur is oxidized to foim' sulphur 
dioxide when heated with a nitrate. 

Uses, Nitrates are used in photograpy, calico 
printing and as fertilizers. They aie used in explosives 
and in fiieworks. They are used m the manufacture 
of mine acid. 

Test of Nitric acid and Nitrates ; 

Nitric and. (1) Coppei test — Nitric acid, dilute 
or strong, dissolves coppei with the - evolution of red 
oxides of nitrogen, 

(2) Nitric acid forms a brown ring when ferrous 
sulphate solution is added to it. 

Nitrate, (1) When heated they give up red 

oxides of nitrogen or the gas oxygen 

(2) Solution of a nitrate to which a few drops 6f 
sulphuric acid are added gives a brown iing with 
fenoiis sulphate solution. 



(3) Copper and strong sulphuiic acid when heat- 
ed with a nitrate give red fumes of oxides of nitogen. 

FuaUon oj Nihog&n, Nitrogen is a veiy inert 
clement, i.e,, it docs not combine with other elements. 
It has been, howevei, discovered that the ainospheiic 
nuiogen can be fixed, that is, made to combine with 
otbei elemonto. Ifelectiic sparlcs are passed through 
an enclosed volume of an, about 1% of nitrogen is 
converted into a brown gas- nitric oxide This gas ii 
cooled and oxidized into nitrogen peiOMde which is 
dissoloved "in watei to foim nitric acid. From nitni. aetd 
the nuiatcs winch are required as fertihzeis oi for 
otiier industries are obtained. This industry is chiefly 
carried on iii Norway, where electiic supply is very 
cheap. The ptocess ts known as Arc process 

Anothei mcihod to make use of the atmospheiic 
nitrogen is to fix it witli hydrogen to foiin ammonia 
Nitrogen is obtained by the liquefaction of air and 
hydxogen fioni the elctrolysis of watci or from watei 
gis. The raixtme of these tw'o gases is subjected to 
electric spaiks. Some ammonia is formed. This 
ammonia is either convened into ammonium sulphate, 
3 fertilizer, or it incy be oxidized to foira oxides of 
nitrogen to get nitric acid and nitrates. Most of ihc 
fixed nitrogen is obtained by this way. 

Thus the atmospheric nitrogen has become a 
rKver-ending source of nitiic acid and its oompounds 
and the danger of natural nitrates in the woi Id being 
used up has been removed. 

SUMMABY 

Thp moat important ooinpoiindfl of iiitrogBO hth ainmonia (nibrog- 
sn and hydropjr) and mtrio fluid (nitrogen wifh hydrogen and 
oxygen) Ammonia is prepared in the laboratory by heating togethsi 
a mistJia of ommoriiiim chloride and dry slaked hiae in a flaak Tha 
.•as la oollectad by the downward diaplacoment of air. 



h'r pfrUf/i It IS a eoluurluii gaa with pungent teal bmiging iraell 
uiii 18 burning tn ta5te It la lighter than air , and is extremelj aolu. 
hli) in W'ltor it dnag not suppurt combiiatiun but burns in an atmo 
’inliBre of oKyjteii or in air if a l! inta la ••onstautly applied to it It is 
an alkaline gus and Uab all the properties of an elkah It cninbines 
diieetly with aoida to form -altT araiiaonium sulphate, chloride of 
nitrate 

Uaea, Inqmd ainmoii’a when evaporated absorbs much heat 
'Hid is therefote u id "n the freeniig maolnnts It in used in the 
inanutdCture uf Washing oodn and nitric a-"id Its salts are used as 
smelling salts 

Tetl Tuins red litiova blue, 7*1101'/ turinern' brown and fuiues 
■with hydrochloric arid 

llitiio acid IS prepared and manulaatured by diatdhnE' a inittuic 
if sidphiinc acul end aoditim nitrate Tho disiUate is nitric acid 

i’ropn ties U is a coloiirlcas Iifjiiol wKni puie, -coniineroial ucul is 
yellow in colour It bee all the properiioa ni an acid, t s , turns blue 
litmus red end 18 80 IU to taste It i“ 1 52 tunes hu 'Vier than'viibf 
juut itB bodiBg points is 86°C 

It attacks most ol of tlio riiotftls forniint; the./ niliate* it .e an 
oxidirmg agent P.nd ilpcorapoH's into ovygon unri otideu ofrutmgfn 
when heated It fiiiriea in moist air v itb ammoiita MagncBiuin 
is the only metal -whn'b dit.plaoeB hydrog ii Irnm ililiite nitric iictd 
Alummuirn poM I'Ud i li tinum are tlia only mettils winch are ii.jl 
attacked by d 0 old and platmuni me, however attacked bj aqur 
legia 

Us!s It IS used in many imlut tries, c y ill o-atiilfB i xplosives, 
sulphuric acid, etc- I Is fialts are used in photography, o ' Ino printing, 
nnd as feilihzers It is uped tor etching o'l ooppei cc-ools, 

Ti —diiii'jl at Add to the stioiig acid a few drops of tes roue 
sulphate, a brown nnt: is formed In case of dilute acid add a fuw 
drops of sulphuric acid betti-o the addition of sulphate The aame 
toHt IS used for niuates 

Nitartes or« the >, ills vl iiitiic acid with luetuls, 'i'hey may Ire 
obtamed ny the action <>( ti> 'd on metals, their o' ides or hjdroxid' b 
in oaib-niiiLcB 

Nitrates are used es feitiiizers and in photoginphy nrcalioo punt 
tog and dye-stutf‘!, 

Atiuoapheiic nitiogen lus bttu made to combmo with oxygen or 
hydrogen to lorm iiiiiif oxide oi ammonm ITi a is known as flxation 
(it nitrogen, 

QDKdTlONS. 

I How la ttuuuonia piepareil 5 Give a sbott account of its chief 
properties and uses 1 i P, 0 , AI ife S Z, 0 , ID i7 j 
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2 Stain the nniupoaition anil pn.pertiag of ammonia What 
happens wten it is mixed with (n) water, and (6) iiitrio and, (o) hyd- 
roohlono acid ’ 

3 Yon are provided with sDixia cy'lmdBrs of aniBionia gas Des- t 
cnho the expenments yen would perfitrm to ahow its physieal and 
nhemieal properties. 

4 How IB nitric and prepared in the laboratory ? Give ita 
physical and olieniioal properties To wbat uses is it put ? 

6 Yon are provided with four bottles ooutaining solutions of 
carbon dioxide, ‘lulphune and, hydrochlono and nitrie acid in 
water Wbat experiments would you perform to identify one from 
the other ? 

fa. Describe the preparation of nitno acid and give experiments 
to show the oxidizing properties of the aoid and its salts 

IP U ,M ihSLO . 11)481 

7 How IS ommonia prepared on a large scale ? What are its 
uses m commaroe t 

8, Doaeiibe an experiment to show ammonia is extreraely 
soluble in water. What is the name of the resulting substance i 
Provo that it is alkaline in nature 

U You are provided with four bottles oontamiug water and solu- ' 
tions of sulphuric acid, hvdroohlorio acid and ammonia What test ' 
Would you try to distinguish one from the other ♦ 
to Wliat IS the uotion of 
(a) nitric acid on slaked hme t 
(bl ainiuoniuiu iblorido on oaustie soda ? 

It) nitric acid on heated charcoal ’ 

(d) ijitne acid on magnosium ! 

11 \5hat aie nitrates! Uo« are they pippared f What is 
their use ’ 

12 What hiippons when 

(а) lend nitrate is hooted ’ 

(б) potassnim nitrate la heated ’ 

(c) Bodiuiu nitrate and sulphur oi eh.iicial are heated to- 
gethsi ’ 

((f) sulphur or phosbprus are heated with nitric acid ’ 

(e/ ammonium nitrate iH heated 

13, What teat will you make to distinguish a nitrate'' 

14 Describe the action of important metals on nitnr acid 
15, What do you understun I by the process ‘Fixatun of 
nitrogen' T 
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ACIDS, BASES AND SALTS 

Oortipju'ids can be grouped into three clabsei- 
■tccoiding to then behaviour towards litmus ; — 

Acids— which turn blue litmus red 

Bases or alkalies — which tutu red hrmua blue 

Salts which have no effect upon litmus. 

Acids IX'e have aheady seen that acidic oxides 
when dissolved in water give acid"!. The most 
smpoitant acid-- aie • 

1 Sulphuuc acid Sulphur, oxygen and hyJiogsii, 

2, Hydrochloiic at nl Hydrogen and chlorine. 

d Nitric acid- Hvdiogen, nitrogen and oxygen 

If we study the compjsttton of all these acids we 
find that the element hydiogen is pieSent ni alt 
these and that oxygen is not an essential constituent. 
At one tini'- it was thought that acids contained oxy 
gen but later on such acids, c hydrochloric acid, 
hydnodic acid, etc,, weie found which did not contain 
oxygen. However, it is found that all the acids con 
tain hyd.ogen as a necessary constituent and not 
oxygen. 

General methods of forming acid may be 
summarized as — 

1. Direct union of water and acidic oxides oi 
.icid anhydrides as they are called, e,g.> 

(») Sulphur trioxide-}-water==Sulphuric acid. 
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(It) Cell bon dioxidu | water— Carbonic acid 

(tit) Pliosphoi 11 “; pentoxide + watet = Phosphoric 
acid- 

'2 The salt of the acid which is to be prepared is 
t.'ker and treated with a stiong acid, genci ally sulphunc 
acid or hydtochlouc , cid ; 

(t) Sodium chloiide -(-sulphuric acid=Sodium 
sulphate ■) hyd.ochloiic acid gas. 

(n) Potassium nitrate -(-sulpnunc acid 
—Potassium sulphateH nitnc acid. 

(nt) Sodium carbonate+hydiochlonc acid 
=Sodiuiu chloride (- caibon dioxide -(-watet 

fhmrnl piopptHes 0 / i^'ids,— 


i flic acids have a soui taste. 

Expceimjent 121. Take thiee bcakeis full ofwaiei. 
Pul two ilrops of ,'ilpiunic acid in one. hyrhochloiic 
acid in anoiher and mtric acid in the third. Taste tin 
v/eak solutions ,^11 .irc scur to taste 

III reality the Sour laate of a substance is due to 
the piestnce of some acid in it. Raw fiuUs aie soui 
due to the piescnce of acids The pickles arc.^ „our due 
to the vme leason. 


Acids turn blue litmus led 

E.xpeKiMEnT li'J. Piepaic a weak solution of hy- 
drochloric acid m a test tube. Put blue litmus pupei 
in it li IS at once turned red. Test your pickles urn* 
vinegar with blue litmu.. They turn blue litmus 
red, ' Uime uirns blue litmus ted because tt has an acid 
in it. 



3, All acids contain hydicgen as an csseniul 
constituent. 

It has been already studied above that hydiogen 
and not oxygen is a necessary pait of each acid. 

4. The hydrogen of the acids cm be displaced 
by certain metals. 

Experiment 128.(rt) Take some dilute sulplluiic 
acid in a test tube. Put non nails in it. Inveit ovci 
It a test tube foi some time. Bung -a buiiimg tapei 
near the mouth of the tube. The gas bums with 
explosion. This is hydiogen. 

(6) Repeat the same experiment with dilute 

hydrochloiic acid. Hydrogen is given off m this case 
as well. 

(c) Take dilute intric acid in a test tube and 

put a piece of magnesium m it. Effeivcscence takes 
place and a gas is given oiu which can be tested to he 
hydiogen. 

The above thiec experi.ucnts prove that hydrogen 

IS pieseiit 1)1 all acids and ihtt it can be displaced by 
metals 

,S. Acids decoiiipose caibonates. 

Experiment 124. Take sodium carbonate (wash- 
ing soda) 111 a test tube and add to it dilute hydio- 
thloiic acid, k busk etfeiveicence tak^s place and 
c.ubon dioxide is given out. The gas can be distin- 
guished by passing it thiough lime watci. 

Any caibonate, e.y , marble, chalk, loivrie.f, etc., 
may be uken instead of washing soda and any acid 
substituted In each case carbon dioxrH is evolved, 

[h) Acids react with bases and basic oxides to 

form salts. 
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Experimeni 125. In a beaker take a weak 
solution of hydrochloric acid in watei Add a few 
drops of blue litmus .solution to it. It turns red. Now 
add to It drop by drop a weak solution of caustic soda 
till the red coloui of the acid just disappears. Test 
It with blue and i^d litmus paper. Both lemam 
unaffected. The liquid is neutral to litmus. Evapoiate 
It on a sand bath. A residue is leff behind Taste 
if" and satisfy yotiiself that it is common salt. 

Similarly, if we take any acid and any alkali 

and treat as above we get a salt 

We are now in a position to define the teim acid 
more correctly as wc have studied the general pro- 
perties of acids. An and is a substance which has 
sour taste, turns hltu- litmus red and wlnrh has hydroqen 
as an essential eonsUluen* wlmh caii be repku rd bi/ u 
mdal 

Bases and Alkalies Bases are generally the 
oxides or hydroxides of metals. They aie fo.med when 
a basic oxide dissolved m water Tho.e bases 
which are leadily soluble in water hive a soapy 
touch and tuinred litmus blue, are termed as Alkalies, 
The most important alkalies we have studied so 
fill are ' — 


(1) Sodium hydioxide or caustic soda=sodium, 
hydiogen and oxygen, 

(2) Potassium hydioxide oi caustic potash= 
potassium, hydiogen and oxygen 

(3) Calcium hydioxide or lime water=calcium, 
hydiogen and oxygen. 

(4) Ammonium hydioxide = mtrogen, hydrogen 
and oxygen 
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General methods of the preparation oj Allahes — 

1. Direct union of a basic oxide with water , e y., 
Calcium oxide+watei =Calciuin hydroxide 

2. Reaction of a metal with water, c.g , Sodium 
+ water =Sodiiim hydioxide+hydiogen 

3. Electioly&is of salt, c.g., Sodium chloiide + 
water=53dium hyd' oxide-t- hydrogen d-chlonne. 

4. Double decomposition of salts with other 
bases, e.g,, Sodium carboiiate + claciiim hydroxide — 
Sodiun hyd^ oxide -|- calcium carbonate. 

General pwperiies of AlhaUes — 

(1) They contain both hydiqgen and oxygen. 
This IS clear if we study the domposiiion of the oboye- 
metitioned alkalies. 

(2) Alaklics turn led litmus blue. 

Experiment T2S Dissolve caustic soda m a 
beakei lontaining watei Put led litmus solution lu 
It. It at once turns blue. Repeat the same experi- 
ment with otliei alkalies. Place a icd litmus papei 
m your moutn. It turns blue. This proves that the 
sputum is alkaline 

(3) ADahes have a soapy touch and bittei taste 

Experiment 127 Dissolve some caustic potash m 
water Dip youi finger in the solution and lub the 
fingeis. A soapy touch is felt. Taste a drop, it is 
very bitter. Rinse your mouth after tasting. 

(4) Ahkhes turn yellow tuiiueiic brown 

Prepare turmeric solution in a lest tube. Add to 
It a few drops of the solution of caustic soda. The 
yellow colour is at once turned into reddish-brown. 
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You ffliglit have noiiced tins action when a drop 
of soup falls on your clothes and you wash it with soap, 
The colour becomes reddish brown. The soap contains 
either caustic ^ soda or cauSuC potash. They are 
alkalies and bring about the above change 

(d) Alakhes turn pheiiolphthaleiii led. 

Exp£Rim£NT 128. Prepaie a solution of phenolph- 
ihalein in a test tube Add to it a fevr drops of caustic 
soda. A deep red colour is obtained. 

(6) Alaklies react with acids oi acidic oxides to 
form salts. 

This has - already been seen while studying the 
gtneral characteristics of acids. 

A base tlien may be defined as tm oxide ut a 
hydronde of a nvtal tihirJi m rapiblt of neiitriihzin^ an 
aad lo Joim a nail mid water. it contanis both 

oxygen and hydrogen as us essential constituents 

Salts Salts are compounds formed by the 
action of an acid on a base oi alkali and moe verw. 

Salts are neiitial to litmus. Iht unpo. cant salts 

aie sulphates, chlorides, nitiates, and carbonates 
which aie formed by the neutialisation of sulphuric 

acid, hydrochloiic acid, nitric acid and carbonic acid, 
le^pectivcly, by some alRah 

h'oimahon of blalls. The important methods 

which we have lead so far are: — 

(1) By the neutralization of an acid by a base. 
When an acid and alkali ate biought togethei they 
lose their charactcrisiic properties and arc saiu to 
neuu..hze each othei. The process is known as 
ntuirfilnatioti. 



Experiment 129. Neutralize hydioclilonc acid, 
auiphunc acid, nitric acid, respectively, by caustic 
soda, Evapoiate the neutral liquids and get the 
■^alts . 

Hydiochloric acid+caustic soda=Sodium 

chloiide-]“\vatei 

Sulphuric acid + caustic soda= Sodium 

sulphate +watei. 

Nitric acid+causyc soda=Sodium nitrate4-water. 

This process is very useful as if gives an antidote 
for acid poisoning. If one diinks acid give him a 
weak alkali and if one takes alakli, give him a weak 
acid, e.g , vmegai oi lime-juice 

(2) By the action of an acid on a metal 

Experiment 130. Put some zmc m dilute sul- 
phuric acid. When effeivescence stops, pom oft the 
liquid. Evapoiate it. The lesidue is a salt, zinc 
sulphate : 

Zinc -f sulphuric acid=Zinc sulphate+hydiogen. 

(3) By the action of an acid on the oxide or 
hydroxide af a metal ; 

(a) Zmc oxide d sulphuric acid =• Zmc sulphate 

-H water. 

Lead oxide-h nitric acid=Lcad nitiate-f water 

{b) Carbonic acid -J- lime water (calcium 

hydioxide) = Calcium carbonate -fwatci. 

(4) By the action of an acid on a salt of another 

acid. 

Sodium chloride -b sulphuric acid = Sodium 
sulphate -bhydrocliloi 1 C acid gas. 
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(5) By double decomposition/ e.ff., when silvei 
nitrate and sodium chloiide react they foiin two new 
salts, silver chloride and sodium nitrate : 

Silvei nitrate+sodium chloride =iSilvei chloride 

+sodmm nitiate. 

(6) By the direct union of a metal and a non- 

metal, when antimony is thiown in chlorine 

we get antimonj chloiide. Again zinc and sulphui 
heated together give zinc sulphide and so on : 

Antimony -p chlorine = Antimony chloi ide. 

Zinc-l-stilphur=Zmc sulphide. 

(7) By the interaction of a metal with a salt 
of another metal, e.g., when iron is thiown m coppei 
sulphate, non displaces coppet .ond forms non sul- 
phate : 

Iron-l-copper sulphate=Iron sulphale-1- coppei. 

Naming of aalia. We have seen that the com- 
pounds generally end eithei m ‘ ide, ' or ' ite' or 'ate'. 
The compounds which contain two elements end 

m ' ide’, e g , tine chloride contains zme and chloiine, 
lead oxide contains lead and oxygen ; non sulphide 
'contains iron and sulphur ; ammonia contains nitrogen 
and hydrogen=hydrogen _ nitride ; water, hydiogen 
and oxygen=hydrogen 'oxide; hydrochloric acid 

hydrogen and chlorine = hydrogen chloride, and so on. 

Those compounds which end m ‘ ite' contain some 
oxygen and are generally salts of acids which end With 
'oils’ ; i.g , sodium nitrite is a compound of nitrous 
acid, and sodium sulphite is a salt of sulphuious 
acid. Similary, phosphites are salts of phosphoious 
acid. 

The compounds which end in ‘ate’ contain a 
stifTicient amount of oxygen, a pair of which tan be 
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leplaced, e g , sodium sulphate contains sodium, 
sulphur and oxygen ; potassium nitrate contains 
potassium, nitrogen and oxygen. They are generally 
the salts of acids which end in *ic', e.g,, sulphates are 
salts of sulphuric acid, nitrates, of nitiic acid and 
phosphates, of phosphoric acid. 

Potassium chlorate when heated paits with the 
whole of its oxygen and leaves behind potassium 
chloride 

SUMMARY, 

\n acid IS ft ohaiQioai compound with bour tnifo, which turns 
blue lilmiib red snd which has got hydn gi ii ns an cFsential consti- 
tuent which tan be replaced by a metal 

TAb Ocmral Pi operiics of Acids They are sour, I urn led litmus 
blue, they have hydiogan as .i ncoassnry part, they decompose 
( I bonates, they give hydrogen when acted upon by metal-i and they 
neutralize bases to form salts 

Acids are ganeially obtained by dissolving m ul anhydrides in 
water 

A base is an oxide or a hydroxide of a inctal and is capable of 
neutralizing an acid to form salt and water. It contains oxygon 
and hydrogen as its necessary part 

The Gensral Charactci istirs of Bases They turn red litmus blue, 
yellow turmeric brown, phenol phthalein red, have a soapy touch and 
hitter taste They neutralize acids to form salts They contain 
hydiogen and oxygen as essential parts They arc panerally prepar- 
ed by the action of a basic oxide with water 

Neutralization is the process by which a salt is prepared 
by the reaction of an acid and an nlkali 

A salt IS ft chemical compound formed by the action of an acid 
on an alkali, in this way replacing the hydrogen of the acid with the 
metal 

Salts are prepared by the neutralization of acids and alkalies , 
by the action of a metal on an acid , by the action of »n acid on the 
oxide or hydroxide of a metal , by the notion of an acid on the salt of 
enother sold , by double decomposition , by the direct union of a 
metal and a non-metal and by the displacement of a metal from its 
salt by anothei metal 
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yUE&TlONS 

1 E\pl!un fcliB term ‘aoid ’ State the general propertiea nf 
at'ula 

2 What 11 a base ami an alkali 7 Give the ('liaractpristia 
properties of alkalies 

^ Give, ivith examples, the general methods of the formation 
(if aeirls anil alkiiliei 

4 Definn the term ‘ neiitralizafiou ’ What is the result nf 
neutralization? Give n( tier methoda" of tho piopnration ot salts 
Illustrate your answer with exnniplee 

6 What IS a salt ? Give the method nf preparation ot a ijalt 
you might have prepared ymirsnlf in the Ishoratory 

6 What happens when , — 

(i) Silver nitrate IS added to sodiiira chloride 7 
(it) Nitric acid la added to lead oxide (litharge) ’ 

(ft) Sulphuric amJ is added to zmc oxide ’ 

(in) Sulphuric acid on sodium sulphite 

7 How can you alinw that — 

(i) Soap contains an alkali ’ 

(tt) Sputum contains nn alkali ’ 

(la) Cow’s milk has an acid ? 

(«i) Unne has an acid ’> 

(ii) Vinegni I'l an acid ’ 

What happens when vinegar la added to IimOBtone and why 7 

Wh >t iH the diff&ience between an oxide and a hydroxide 7 
What IS formed when an acid acts on each f 

9 What do you understand by acid anhydrides and basic oxide’ 
What happens when they are dissolved m watei > 

10 Yon are given four bottles containing water, a solution of 
caustic soda, dilute hvdrochlorio acid and sohition of sodium mtrnte 
What rests will you try tn distinguish one from the other 7 

11 How would you classify the follovung oivnipounda ’ 

(a) Ammonium Hydrate , (6) Lime water , (o) Copper oxide 
(d) Carbonic acid , (e) Hydrochloric acid , (/) Sodium 

chloride , (gl Silver nitrate, (ft) Magnesium oxide, 
(i) Caustic soda, {j) Alum, (i.) Carbon dioxide and 
(1) watei 

12 Given aulphuno acid and caustic soda, how will you pio- 
I »ed tn get sodium sulphate ’ 



CHAPTER XV. 


METALS 

Ti has betn alitady statetl that sub .laii' Lit txi.t 
in th-' fjim of eletnen •, mJ LOinptan U. On accjuut 
of laitan p ope. tie-., diiefly physic il, cMnmon to a 
ht-je iTimbei of ehmcnt , anh moiC oi lc7,s abjfnt lu 
otlit's, the ehn-nls are divi-led into two chwes, 
known as in tal-, and iion-.netal-. We hive, to fai, 
sliulied a b i..f accoant of a f:w impoitant nou- 
iniub, -,uch as, oxygen, nitrogen, hydiogen*, sulphui, 
catbon, phosphoais and chianne, etc In this part 
of the book we will discuss biitfly the chemistry of a 
fcw mipoitanl metals and their salts. 

Metals and Non-matils The divi ion of elements 
.nto luetab and non-tn:tals, ns has been stated ibove, 
IS chiefly br.ed upon the physitnl p.opaiies. Thus 
substances which possess a sinning lustie, me haici 
.uid fitly lieavy, cm be beaten into plates and diawn 
into wires and .itc good conductois of heat an.l ske- 
iiiciiy, are classified as metal* , andotheis m wUnh 
iliese propcities me absent are tcimed as non nutil , 
But the dividing line between these two gioups cannot 
be a sharp one, ns thes' two clasies grad tally m-rge 
lut.) on another, and ce-tain eliments a‘e sum uraci 
plac'd in one chs. aid smnmes m the othei. 
Aisein and antimony show some p op'ities common 
to me als anl non-metals. Such elements have been 
called metalloids, i.p,, el -meats which have properties 
t,ha acte ist c of both metals and non-metals So we see 
tint the divi 1 m of elements into m't.ih a.iJ non-nietalb 
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th.ns^Ii CO. ivemuiit is arbitt^iiy, b-c,;u'i.. th'ii.e jie 
exceptions to most of the definitions of each. Tht 
following taole gives the imm feature-, of difference, 
with the important eitception'i t— 

MQtiiJf \ Of} trlitrif>. 

— f 1 ) Siilicl *ic oidlUai j f.«:rup« Noii-iuftLal-s genepail v 

rut are o\C''pt morcuiy moIuIs and gasag. lirnni^nts 
winch is a hqmd la a 1 »quid 

Have a high specific Low specific grav \« \ 
gravity but rtiuminiuni 
ifi 2 66 tinie» hoai ier 
than water, while 
aodiurn find potna^iimi 
*iTH lii^htor than watei 

li) Uii;h iicMting puint, ( <; , Ihcv aie oint'liy it 

coppei rueiig at lOS^^C soUde The solid < have a Uiw 
iron af about 160 0 melting point Cf>rbon i's-' 
but tin melts at only not benn melted so tar 
23^0, white mercury 
IS a liquid 

‘ Up®qu»3 but iliiu 2.0 V t'> IT Afiipttitfiit {|^'iQei^j)a^lti Uctnrt 
ot ^Oid tore trnn® lucent. Some i olid*i) or. 

i'll cuf opaque 

.*■), A'letaliit luciiitft, ^ t , Uo nui pus'^tja tlua propeits 
u'Uect U^hi fiorn Graphite and lodiru* al* 

pohahod or Ivh’^UIv ^ihinitiii whf>n, ircshly cut 
cut S(irf(n»fc 

^[a!leablf', ir , can ho 'roluU ure huttl^* 
lif'aten \\\\ o shoots and 
diirtilc, t ^ , drawn lato 
Imr biMnuth i-s 

butt It- 

'7l U jod uoad lu »»t Potfr t ouiliM'li'i“«, pi 

hral and tfjipl.it® Hydru^Jt-rt irt 

good c'unduect^r of nh.f h ii- itv 


' I Hto i leiirt. f* \ 
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\rttiii6 (,-k4)'u5 

— (1) PoriTJ b-\9).' OTC1((03 but luirni fiLulic rAi.!e-i Rut Ni t 
r.inc oxido anri aluniT- 73 u/’t -tiMrlif 

ruura uxitla net ns 
feebly acidic n-siden 
in preoonco of "itronc 
bfisen HikKoI’ oi:k 3 c 
of maiigapeet i" 
acidic 


<-j) ideuerwit .lirsoue lu iJu ivt,i, ut.ialiy JUeoiij raasiy 
mineral ncida Kinujr "ii rntperni n'lds 
•sfF hydro on 


J) ’tither loira !io .‘Om- Form iVaUlf aompcmtiJs Vnih 
pounds with hydrogoB hvdrogan which aro uaunliy 
ur torm unatable com- toJnlifd 
poiindn which air© 
usually ncm-'’olatilo 

\ sU'idy of the above labk inalies it tfuai ttui ii 
11, difficuit to draw a hard and fast line between 
'tieuis and non metak and that the division is a rou^h 
■md aibitiaty one Ir is foIJovved because it is con- 
venient 

fhcitit 6 ihy (>) iletuls. Some itietak ucciu /frii in 
tialuie, nr as they ate saidy in the nntiie condition 
Im[JorUnr among the-sc .ne gold, silver, copper, lead, 
mercury- and plaiinuin. Most of the metals, how- 
•nvei, aie present in the form of their compounds with 
ofhci metals and non-metals in the eaith’s crust. These 
compounds are known as minerals : e.g , non pyrites, 
cinc blende, galena, etc. Those mmeiais fioni 
v'hu'b metals can be easily extracted without much 
'labour and cost are termed as otes of the metals, , 
Sion pyrites is ore of non, xinc blende of xinc, galena 
of lead, and so on- Thece ores are mostly oxides,^ 
^ulphideSf carbomtes, sulphates, or silicate®. The 
pioccss of obtauung metals fiom their oies 1., called 
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nietalkugy Mo. I of the nIC^ ate roiiveited into 
o''i(.hs and indue’d. But the tiiodet. of extraoiiou of 
metal, ditter with diffe’cut metals 

Alloys if two or mote nietaU ai e nif IteJ fogeiliLr 
they iisLi 11’, but not 'Cilwiy-, futn .i homogeneous 
liquid The metdlic mixtiue g.it nu -yoh liiai.ation lu 
siieh rases i, kuuvvn as an alhv Tii. all lys a-e gene.all’/ 
h.'rdei and have a liwei mchiiig poi it than the metals 
of whirh they aie mistuic'^ Th.ci use depends UDon 
tin property they possess, e 7 , gold com i'. nude ot 
qol 1 and eoppei beeiuse the alhy 13 hard , type m^tal 
is usid m inahiag type ktteis because it e'spmds 
on ee.i'ling and n- casib' fu'-ible, and so on, 

An ilbiy wlneh eonlims ntticuiy at, one of the 
nil 1 ils IS l.no.vn a, an iimlgtm, as sodium amalgam, 
wlmh Is used fji p epiiing hyd-ogeii f om ^odium, and 
i;ine ainalgam usid in tl ctric cell, to ''voiel locil 
.etiin ind It 1 ahii.dgam.uscd 111 naiiio's 

The mjs'- mipoitint allays with then impoitant 
p opeitir-b ait gncii beliw 

1. b’ftiss Ii coi-'i'ls oi two paits of eoppei to 
one ef Zi le It is moie f isibL and haidti 
thaicoppei, li casts well anei is h-iace used 
in making vessth anti puts t.f insehiaeiy. 

0, C'sm.n''n b'onzc e'ontains bit patta 

ff coppet and ID of iin, but one used foi 
rolls rontains '■id paits of copp'”, 1 of tni 
and one of Zint It es easily f laihl. , ca- ts 
well and does not conoek It is ired fai 
castings- stun* , eoins, utensil , etc. 

Duti-l riie/aJ-‘ Contains Zine one pa.t wiili 
irppri foul pa’tw It is veiy math abh 
at .'! Its l‘.i\es ate ind in ekeiiu,eopes 



181 


■1. Bell mil'll — Coiitr.ms coppei foiii paits with 

one pail of tin. It is haid, buttle and 

sono.ous Ubed in making bell' 

o (jini-ihttal — Contains nine parts of coppei 

wuh one pait of tin It is vciy tough and 
tenacious and is used in guns. 

8 I li'fman-silL'er. Contains copper three parts, 

7i'ic fwo parts, and nickel one pait It is 
tongh and malleable and white m colour. 
Used in coins and ornannents 

7. T‘jpt> indnl Contains four paits of lead with 

one of antimony It is easily fusible and 
expands on cooling Hence it is used in 
printing pi esses 

8. /'eirter — Contains four puts of tin with one 
of lead. It ts easily f.isible and expands on 
coohng 

1). Bohlrj — Contains eqiu.l pails of tin and 

lead. But the composition vanes. It is 
soft and Its melting point is veiy bw. 

10 (-fold coin — Contains gold eleven paits with 
coppei one part. It is hardei than gold. 

11. Silver com — Contains eleven parts of silver. 

12. Steel — Contains non and some othei metals 
c.g , manganese, nickel, chromium, tung- 
sten, etc. The piopoitions diffei with dib 
feieiit kinds 


sti O.U \ll\ 

Eleiiieiitb ui 6 divided foi the sake ot comenienc-e into inetaU 
uml n in-itiola.s 

Metals are ge'.cr.dlj hard, opaquo, solid at ordinary tpmpera- 
Liin , liom v c'oo 1 cuiuliitlora of lii'.it a uUlcitnuilj anduhen lii-iitily 



I'lif silon tt inetuJlic lufibe. They jis geiieiuJIj mallenij]©, iJuoiiil 
and teaacjoud. Tliey form basic oxides, dissoh e in acids With the 
cvolut.ioii of hydrogen and oithei do not eornbine with hydiogra oi 
fmm nnstable •ninipound'i 'tvitl) i( 


JIsfflUoids are those elonieiita wlin li bIiow fho propeitles of lioih 
nmtols nud non inetels 


Jli'fciils isMUL either HI tli 0 native state or in tlio tuna ot then 
salts The minerals or looks flora rhich nietois can bo eaaiJv and 
economically extracted are callod oies '1 he ores uic geiierallv oiii)c~ 
snlphidea, carbonates and siilphatPH 

Whan two are more metala aia moltuii toaothor thej form an 
alloy. Tiie alloys ara goiiorally hardsi and have ii lowoi nioltniu 
point than the pure niotnls, Auvilgain le tin alloy -Thun one ol tin 
metals is nicienry 


f.iUKsnttN'^ 


1 C-ntitlii' I lmraoten.jtic proporlioi iif rretal i iind rnm|jiiM 
them With Ih ite of non metula 

3 What are the piiiioipal charutteriBbicB of iiiettdu ’ Do you 
( onsidei the divsnon of eleinents into met ala and non. metals Halislfic 
tory ! tr U M Z S L C , 1U2,'J) 

3 Dlaaaify the following elementB into inefalii or iion-inetalB , 
uaiboii, nitrogen, copper, graphite, lead, chloiina, iodine, antiinonj, 
arsenic 

i Define the forms — 

Die, llincial, 411oy, .inmlgam, Metallurgy and hi ative metal 

fi Mdiue some important allovE yiai know Gi-ie their coni» 
pi'sition and uses. 

(i D.atinguish between - 
iJt) Alloy and amalgam. 

(2; Metals and non-metals 

7 State what yon know about the oaturient'e of 



CHAPTER XVI. 


ALKALI METALS. 

Sodium and Potassium. 

Sodium. Octunence. Sodium does not occur free 
in nature as it has a strong affinity for oxygen. 
In the combind state it is present as sodium chloride 
in sea water, brine spiings, ceitain lakes and in some 
countries as rock salt. Sodium nitiate is anothei 
compound of sodium which occurs in large deposits in 
Chile as Chile saltpetre. 

Prepaiation. Sodium is obtained by the electro- 
lysis of fused caustic soda m cylindrical non ves- 
sels. Caustic soda breaks up into sodium* hydrogen 
and oxygen. Oxygen escapes at the anode and sodium 
and hydrogen at the cathode. It can be prepared by 
the elcttolysis of common sSlt as well. 

Propeities physical. Sodium is a «ilvcry*whlte 
shilling metal, of specific gravity 0*97. It is soft and 
can be cut with a knife. It melts at 9b°C, and boiH 
at 877‘5°C. It dissolves in liquid arnmoi la giving a 
blue colour to the solution. 

Chemical, It is a veiy active metal and this is 
why the freshly cut surface at once tarnishes— it is 
due to the formation of a brown film of oxide. The 
metal is, therefore, kept under naphtha or keioscne oil 
which contains no oxygen. It ' decomposes water at 
the ordiniy temperature forming caustic soda and 
setting free hydrogen : 

Sodium-1 water=Sodiura hydroxide-}- hydrogen 



Ji ui .111 wiiCii heated loimuig sodium pei- 

oxide It hums 111 fdiloiiae to fjtm sodium chlorkle 
6 '.r.' It is used to puiif/ eihci by icmoviug 

luoisuitc f.'nm It, SoJiiiiii aniilgain i-. used i.i the hboi- 
.uo.y in ihc pi lUou of hydioguii It is nseil i.i 
the m.iiiiif.icturc of organic compound'-., o.q a.tihcial 
iiihbci . 

Sot , Soduiin should noi he ton. hed with In.id 
biiaubc on h.ind'. -ue gcucidly moi t o.i acto.int of 
pel Spll itiou. 


Compounds of Srdium. 

Sodium chloiidc is the most ■Widely dist. ibuted 
salt of sodium It has been aleead-y distuSstd 

Sodium hydroxide oi Caustic soda I’tcpiia- 
iiov ( 1 ) By the action of sodium on watei. But 

this method lb costly and not employed 

(d) In Iiidi,i It i-s pu’paicd by boiling a soln- 

iion of sodium c.iibonaie and '^Itked lime The 

iiaetioii that takes place is • 

Sodium caiboiiate -1 c.akiiim hydioxidc 

('‘laVrtl j une) 

.= SoJitm hyd-' oxide i cakimn ciibonatc 
|(nu«tu “"odj) (cluiik) 

Chalk thus foimed is insoluble and settles dovm 1 1 
the veisel. The solution is filleicd and caustic sod.i 

ubt, lined by cvapoi.ition 

{.->) Na,v-a days when electiic power is cheap, 
caustic soda is manly picpared by the elccticlysib of 
f ibcd sodium chloiide (common salt), Soduiin is 
hbei.ated at the cathode and chloiine ,at the anode 
The 'otiium thus libciatid leacts with yvatci to foini 



caustic bodi and hydiogun SpetiaJ steps aie taken ta 
keep chlorine from coming m contact with sodium 

r>oiti‘itieis. It IS a white, slightly translbcenr, 
fusible solid. It is a deliquescent substance, i > , 

absorbs moisture fiom the air and a little caibon dioxide 
?s well. It IS Soluble in waiei, the watei bcconics 

soapy and highly alkaline Much heat is piodt.ced 
when it IS clissclvcs in watei. It has a coiiosivc action 
on the skin .and hence it is known as caustic soda 

Tnc solution conodi s glass. Wool dusolved lu it but 
cotton IS insoluble and hence its solution is used to 

lest the puuly of woollen cloth 

fkiP'f Lt IS chiefly used in the inanufactuie cf 

soap and papet pulp. 

, Sodium Nitrate It r, found in an iinpuie foitn 

in Chile. It contains both soluble and insoluble 
impuiities The crude nitre is ditsolvcd m watci 

and filtered to sepaiate insoluble impuuties. The 

deal filtrate is then cnncentiatcd anu i odium nitiate 
ciysUllized out. The puiified sodi im nitrate is then 
called Chile saltpetic. 

Prupeihc'! It is a white ciystaDinc sulfiancc, 
eveiy soluble in watei. K is a hygroscopic substance 
r,i G IS, iheitfoie, rot used in gtricwder i r fiicwoiks 
When heated it gives off oxygen and sodium lutiitf la 
left behind. 

f'iC' It IS chiefly used in the manufacture rf 
nitiic acid. It IS u'-ed as a feuthcer Much of it is 
convcited into potassium nitiate by tieatmg it with a 
concentrated solution of potassium diloiide 

Potassium chlonded-sodium mti.ate ---Potassium 
mti ate -b sodium ehloudc. 



Potassium lutiau; and sodium (.lilondc ,ue separat- 
lid by the process of fiictional ciystallixation and 
potassium nitrate is tuithei punfied. 

Sodium carbonate or Washing soda. It is manw 
factured in two ways t — 

{\)Tke Le Blanc’c Fiocess, In this piocess 
'=odiuin chloride is first coiiveited into sodium sulphate 
fsalt cake) by heating it stiongly with sulplmuc acid 

Sodium chlonded- sulphuric acid = Sodium 

sulphate + hydiochlonc acid gas. 

The hydrochloric aud gas produced m the process 
IS conveited inljo hydiochloric acid, so hydrochloric 
acid IS a by-product in this industry. Sodium 
-nlphate or salt cake, as it is called, is mixed with 
liiiK stone and charcoal and loasted 

Sodium sulphale-hcalciuni carbonate+caibon 
■'=Sodiiini carbonate-hcalcmm sulphide-f caibon 
dioxide. 

The resulting mixture contains sodium carbonate 
and calcium sulphide and is known as blackash. This 
IS then treated with warm watei to dissolve out sodium 
carbonate which is further punfied by crystalliziation. 

(2) Solvay or Ammonia Soda Process, In a strong 
solution of common salt saturated with ammoniaj 
carbon dioxide under piessure is passed when sodium 
bicarbonate and ammonium chloride are formed : 

Sodium chlaride-f ammonia -f carbon dioxide. 

— Sodium bicarbonate -h ammonium chloiide 

Sodium bicaibonale being comparatively insoluble 
13 then ^ap^rated from ammnnium rhloudc which 



fcmami) in bolution The bicarbonate tb then iitattU 
and convex ted mio sodinni carbonate • 

Sodium bicarboiiate=Sodium carbonated- Watei 

-h carbon dioxide. 

l-’rojjerties, It is a white ciy«tallme solid vetv 
soluble in water. The crystals contain a very laigc 
amount of watei of crystallization. The Ciystals 
effloresce on exposure to air, t.e,, lose their water of 
crystallization and fall into an amorphous powder 

Uses. It IS largely used foi washing piuposes and 
m the manufactuie of soap. Its aide foim v 
known as tujjt in the Punjab. 

Sodium bicarbonate or Baking soda It contains 
sodium, carbon, hydrogen and oxygen as its 
Constituents. 

Preparation, (1) It is piepaied .ts a by-pioduci 
in the ammonia soda pioccss desciibed above. 

(2) It is prepaied by passing carbon dioxldt 
in a solution of washing soda, so th.at re.action takes 
place 1 

Sodium carbonate+carbon dioxide 

=Sodium bicarbonate. 

Piopertu'S It is a white powder and is much less 
soluble m watei than washing soda. When heated, i( 
gives off carbon dioxide and is converted into ni 
bonate ; 

Sodium bicarbonate=: Sodium carbonate 

-j-edrbon dioxide+ water. 

It IS, therefore, used m making baking powdei 
Baking powder contains sodium bicarbonate and 
-artarre acid which do not react when dr, but sn 'he 



piesein-f of watci they leact to produce cat bon dioxide 
the bubbles of w'!uv.h expand by heat on babing. Baking 
powdei IS used foi cooking b ead {double loti). It ib 
u^cJ in inedii-incs, as a caie nit indigestion and m 
lire extinuisheio. In Indian houscholib it alone 
and not baking powdci, is used to boil g.ann, etc. 

Sodium sulphate or Glauber's Salt contains '•odium, 
sulpliui and oxygen. It is obtained by the .action of 
sulphuiic .acid on sodium chloride as a by-ptoduct in 
the inannfntnrc of hy.l ochloric acid 

SulphcUK' acid i sodium chlotide. 

- Sodium sclplnte -|-hydtothlonc acid gas. 

It IS a transpaicnl, uystallnie substance containing 
a Luge amount of watei ol ciystalli^ation which u 
loses on cxpobuic to an It occurs m the United 
Provinces and Biha. and is named as "Patna Khan” 

Us,'- It IS used in the manufacture of sodium 
cMibonatc and glas^, Ii is used m medicine as a 
pui gative 

Glass When mixtuic of sodium carbonate and 
calcium caibonatc is fused with puie sand (qnaiis 
sand), the pioduct is a -tianspaient mass wlaicn is 
insoluble in watei oi acids and is the oidinaiy wirdow 
glass. Instead of scdium carbonate, sc chum sulphate 
mixed with caibon is used. The latio generally is 10(1 
pai ts cf sand, 3.5 to 40 of soda and 1 .a parts of limestone. 
Ha'd glass at Potash glass is obtaired by using 
potassium caibonate instead of soda. Special vaiietics 
of glass, Flint glass, Jena optical gbss and 

colouied vaiietii-s aie piepated foi vaiius pinposcs 

Potassium 

Ociuircnce, Like scdium it does not occur free 
ill nature but is present m the form of its salts. The 
double chloride of potassium and magnesium found m 



C-imiuy 111 iliii Si.t'.-.i in d-po^t, ,iie known a'i 
CirudlLue. In Iidia piMsMutn mrrate is touiid in 
luge quiiitiUes an 'kahi' oi Shoi’, P itassi un salts 
are piejint in plants and ammil tis'>ae= They aie 
present dissolved in sp-i watei. 

PrfpaKilion, (1) Like ‘odiuin it is al>o pepTed 
cithei by the tl.eirolysis of (.anstiL p vash oi patassiiun 
chlandi' It has no use as a metal It lesembles 
sodium m most of its p operties, Ii a sil/eiy white 
sniniiig niitd v/hich tarnishes soon on e\positre to an. 
It IS aho soluble in am nonii foiming an indigo-blue 
solution, It melts at (12'. 5 C and bods at 6H7^C, 
It u more aeuve than sodium and acts upon water so 
vigoiously and so much heat is pioduced that the 
hyduogen evolved catches file It is soft and can be 
cat with a knfe. It u al-o k“pt ivndii kerosene oil 

It 13 li’htei than water and floats on it Som. of it-, 
impe'itant compounds are mentioned bduv , - 

Caustic potash or Potassium hydroxide is p epned 
m the same way as caustic soda, i c , by the el'c lolyti) 
of potassium chlotide 

It 13 a white, dcliquesc’nt subitance It is vety 
sol ible HI watet, tlie sol Uion is highly alkaline. It 
IS corrosive It is chiefly used in the nnnalactuie cf 
toilet '-cap 

Potassium nitrate — nitre (^ho’ii) 'Ihia ocaiis as 
a white ciust la India {'f.or). It ii obtained fiom 

the ea: th as foil ivVo 

Th; fa.lh ca itaining nil e and othei soluble Hu- 
punties chiefly comunn salt is diisolved in watei and 
allowed to stand The liquid is then made to pass 
over thatched loofs to fiUei it and Ki lemove suspuideil 
impuiities The clear filtrate is led into shallov/ beds 
where the water evapomtei. in the sun. The concen- 

tiated hq ud i3 then h.ited in Irg’’ uon pe is to 



pf^lUic I ‘aiiu Ati'd ‘<ikvticin. 1 ht. jj,tutated 'loluUuu is 
ihtfn oiV’talliicd. Nitte being nlore ‘loldble in hot than 
m cold witei sepn-ates out fin-t. It is furthei puiified. 

(2) It is obtAiiiciJ fiom Chile saltnette as ex^ 
piuncii alieady, 

I'rniinhi's nml fls*?'-. It is a white, ciyst.illine 
'.'ilid. It IS highly soluble hi sv'atei. The temperature 
of watci l.ills considerably when it dissolves m it, 
When It is heated strongly it decomposes into poras 
Slum nitiite and oxygen. It is not hvgroscopic like 
sodium nitrate and is therefoie used in the matiufae^ 
lure of nitric .teid, gnnpowdir, fiiewoik and matches. 
Gunpouder as already stated in a previous chapter ts a 
mixtiuo of l5 paits of nitre, h paits of chaicoal 
and 2 put-, of biilphni The ingtedients are moistenet! 
with water and rhoroughly ground, It is an explosive 
piiwdet. The explosive natuie is due to the sudden 
iwol'tti-in of Luge volumes of caibon monoxide, Caibon 
dioxide and niliogeii \vh‘’n it is ignit'd. 

Potasbumi chloride. As stated above thiil salt is 
found in Germiny and is obtained f, oni cat nail re. Ir 
IS a wince, ctystallnae substance, leadily soluble in 
water. It IS used as .t feililizer and in the prcpai- 
ation oh caustic potash and othci salt, of pot.ls^mm, 

Potassium carbonate (/f/iur.) Prppnrutiun^ (1) 
P irinerly u was prepared fiom wood ashes. The 
ashes aie treated with water and filtered. The 
flkr.ite IS ev'apirated to dryness. The salt obinmed 
is crude and is called potash It is puiified lu 
gel peail .ish. 

'2i It IS no.y largely piep.U'cd by the Le Blaiie's 
process exphinecl above, m the manufacture of sodium 
carbomte. Tne'Solvay piocess cannot be used, as 
potassium bic.i.biuue is Inghly soluble in w-atcr 
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Fnipuitiei, and Us/’s. Ii is a vvlate solid. Ii i' 
JoUquescent and is readily boliible in watei I'lif 
solution IS alkaline in piopeines, It is used in inak- 
mg soft toilet soap, and in the nnnufactuie of glass 
Ir IS used as a fertilizer in India. 

Potassium chlorate. Fipparatwn. It contains 
potassium, chloxiii'’ and oxygen It is prepaied along 
With potassium chb.ide by passing cblonne inio a hot 
‘'olution of caustic p.oiash Now a-d.i^s it is chiefly 
prepared by ihe electrolysis of sodiani chloride when 
sodium and chloi me are liberated Sodium dissolves in 
water to form c'au.tic coda and hydiogen. The chlorine 
evolved acts upo.i caustic soda and prod 'ccs soduim 
chloiate and socUuin chloride. The two .iie ‘cpacated 
by f actional ctystallization. The sodium chlorate is 
mixed with equal quantity of pota Siam chlo tie and 
potassium chlorate is obtamed. Pon sium chlorate can 
be obtained by the electrolysis of potassium chloiidc 
duectly, but this is not done as there is a higv 
wastage ul eleitiiciiv. 

Pioppitu'^ and Uif/i It is a white, cl\ ,ullin 
substance When heated it gives out oxygen, ind 
potassium chlo ide is Lfc behind. It is used in 
the piepaiatio'i of oxygen and manufictuie of hie 
Woiks and matches. It is used in medicine, especiilK 
m cascs of tliro.at tiouble 

Potassium hypochlorite continis less oxygen th.an 
chloiate. It is obtained along with potassium chloi ide 
by passing chloiine into cold caustic potash solution !■ 
seti free chlorine when acted upon by an acid. 

Potassium pernmnganate (Lnl d^nai) comami, 
p na^smm, minaganese and oxegen as its construents 
It is 3 deep pniph-ied crystalline substance. When 
dissolved in water, jt gives a d>'ep purple solution. It m 
a strong oxiJiging a re.it and is used Jo a dismfecr.aat, b 
is used fj' difiiifecUng witct, espeuilly in choleia tuyt 



It IS p<-putj by fusing min^mcse dioxide; 
wuli porjssium caibonatc iti the piesence of aii oi an 
oMdiznig an;CTU (nifre) In this way we get potassiuii-j 
manganate which is tnen treated with ozone to tret 
potassium peimanganatc. When it is heated it gives 
up oxygen 

Potassium dichromate (f^nralJi lain) is an oiange- 
icd; ciystalline substance, soluble in watei It is very 
powerful oxidizing agent. Wiieii heated; it decomposes 
giving off oxygen and a gjecn chtominm salt is left 
behind It is used in tanning leathei and as a pigment. 
Other important salts of potassium are potassium 
I'ldide and potassium btomide ti^ed in medicine 
St^AtAfARY 

‘^smni and H'uiimn am icriowa AS alk th motaK 'I'hey «lo nofc 
n(*< ur tri n.it.ur«* li'it timr f? ilfcs am tound m narbh a cru'it or 

lu 'I l»e twe) in'tds and their (Mmpourula ara sirnilai 

to pnoli otiiet The motaP nri' obt.un#*d i>\ Ihw ©Ipotpolvsis of the*ip 
’’hhtridiis 01 fndroxuh'M 

fSHujin and p'^laisiiiro am silvaiv white, bhunm; met da wh<h 
t un'bh SDon on I'^posuie to tnr Thov ura oftiee, liiiht, 9oft and 
dcfomposo water lU en at the oidmarv tompeialiue PfieretniA, thov 
aie tifulHi kwi j-iftne *ul S ulmm when thrown ui wafcei, IdiACAte^ 
h^dio^oii arid torinaLft wtie ^ida In the oaso oi pot^iSbinni the action 
n s 1 vij )r nn and so mi h hoah MptMduced that hydrogMi h 
h 'rated rntf’lies fii A Too rnnt ^la aro i up irtant on aer jiint ofthsii 
f oionmmd^ 

'The iiupntnut ( ornpoimd'i of go hum are 

(1) Sj(hiiin cliioTide wlm h contains Boih\iTn and t hloi me 

Ui Sodimii livtho\Hh wl’ich contains sodinm, hydrogen ind 
nxygt n 

( t) Hodiiim carbonate wbu h contains lOihuiu, carbon and oxygen 

(4; bodiiim bifailkinite uliich contains soriium, cnibon, hjdio- 
gon arnl oxycen 

(■>) Sodnitu rutrnle \\lijclj roiitaing «< diuin, lut^og^n Qiid ox\geii 

The important salts ‘>1 pofissmiu are potabamui ohlorido potass- 
mm h\drn>:irle, p .Cds-n urn carbonate, potissium nitrate, potassium 
ehlmato (jintussium. chlorine, oxygen ) untl potnSHinin dieiiroiunte 
(potna-iimi, i hi muum, oxygon) 

Gla-ig n obi allied \ y tueing togethei sodium i ii boiuito or potash- 
nmi ouiboriiti, limestone and euml 'ITuie are vaiieties ot glu s 
liejiarrd fm diltoront jntijiocos, 



QUESTIONS 


1 Write what yeu know aboi.t the oecutrenee, piepiraUor^ 
piopeities and usea of the metal sodium 

2 How was oauatic soda prepared in old ileja i HoW is it 
prepared now t Give its properllos and uses 

3 How ifl sodium caibonate prep.ireJ from oomm'm salt I 
'Give Its properties and" uses 

i Define the term by product Name any substance wbicb is 
niodnred ns a by-product in some industry 

' 5 What IS the ( ompoaition of baking pon dor » 'On what does 

Its use in baking depend T 

8 How do aodinm and potaaamm resemble eEt^li other I Give 
ijhe important properties of potaeaiiim 

7 Write what you know about the cnniposition, properlies and 

uaea of the fonownig \a) caustic soda, (ii) Glauber’s sa'lt, (c) brass 

(P V , M d: S CG , 1828) 

3 Deaen’oo a 'obcap astbod of prsparing oaustio soda fn largo 
iqimntiticfl and eirplain the cboinii.al fhangos tchich occin in this 
process State the important proporties and uses of the substance 
V’laster of Pans {V P , ]tl 'db SGC 191Sj 

9 How la nitre met With in nature t How is it piiniiod * To 
•what use is it put 7 Give its properties 

10 Give the oomposition of gun-powder On whst -doss tbs 
explosive power of tlfo powder depend ? 

11 What IS glass? How la it prepaied ’ 

12 Gn e the oomposition, pi'epaTatioii, properbios and uses of the 
following salts (a) oanstic potash, (f>) potassium carbonate, (c) pot- 
sissmm chlorate, (d) potassium permanganate, (cl potasslora 
Jichromato 

13. What happens whon — 

(a) solution of eodnim mtrate nnii potassium ehlornio ait 

treated together 

(b) potassium ohlo'rnte la hsated 

(c) potasenim permanganate le heated 

(d) sodium nitrate is heated r 

14 Write a short account of tlio properties and uses of the 
following 

(a) potassium permanganate , (b) saltpetre , (c) mtno acid , 

(a) bleaching powder (F U , M li S L C , 1928 j 

1.5 What happens when (*a) hydroohlorlo acid gas, and (b) 
carbon dioxide is passed through a solution of caustic soda t 

U) Starting with sodium ohlunde how would you prepare 
•a) sodium earbonate, (bl caustic soda, (c) chlorine ? 



CHAPTER XVIL 


COPPER. SILVER AND GOLD 

Copper [Tamba) Occurence. Copper occurs 
free m nature and was known to the ancients. In 
the native condition it is found in America, Japan, 
Australia and India. Its chief oies aie — 

(1) Coppei pyiites— contains copper, non, 

sulphur 

(2) Cuprite or luby copper,— contains copper 

and oxygen, 

(3) Copper glance, — contains copper and sul- 

phur. 

(4) Malachite,— contains coppei, caibon and 

oxygen. 

Properlua. Physical, It has a characteristic led 
colour. Its specific gravity is 8*95 and melting 
point IS 1083° C. It IS very malleable and ductile, 
and hence can be idled into sheets, hammeied into 
leaves and diawii into wiies. Next to silver, it is the 
best conductoi of heat and electricity. 

Ch'fniral In pure, diy air copper does not 
tarnish (oxidize), but in oidinary moist au the metal 
rapidly tainishes and becomes" covered with a biown 
film of oxide oi sulphide. On piolonged exposuie, it 
becomes coated witn a giecn film called verdigiis 
(carbonate of copper). This layer piotects the lest 
of the metal undei it from being corroded. On 
heating in air, the reddish surface of copper becomes 
covered with black scales of copper oxide. 
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Hydrochloric acid, dilute and cold sulphuric acid 
do not act upon the m;tal. Strong, hot hydrochloric 
acid m the presence of air acts upon it very slowly to 
pi-oduce cup'ic chloride ; m the absence of air no 
action takes place ; 

Hydrochloric acid+copper+oxygen of aii 
=cupnc chloride -l-water. 

Hot concentrated sulphuric acid readily dissolves 
the metal forming copper sulphate and sulphur dioxide ; 

Copper+suiphuric acid=Coppef sulphate + sulphur 

dioxide -j-watei, 

Nitiic acid, dilute or strong, acts upon it at once 
even when cold, forming coppei nitrate and red 
oxide of nitrogen : 

Copper + nitnc acid — Copper nitrate+nhrogen 

peroxide+water. 

Uses. Next to iron it is the most widely used 
metal. On account of its cheapness and great con- 
ductivity of electricity it is largely used in electric 
wires and cables. It is used in making utensils, coins, 
boilers, stills. It is used for sheathing ships and for 
bolts, because it resists corrosion by sea-water. 

Alloys The important alloys of copper with 

other metals are; — 

(1) Brass (ptlal) contains copper 2 parts with 
5;inc 1 part. 

It is used in making utensils, Idols and in 
machinery. 

(2) Bronze {kansi) contalhs 9 parts of coppei 

and 1 part of tin. It is also used in making household 
utensils, statues, etc. , 



196 


(6) Gciman silvoi contains copper, zinc and 
nickel, and is used for making utensils and coins. 

Salts. The most impoitant salt of copper is 
copper sulphate (blue vitriol —mla totia) It is 
prepared by heating coppei with strong sulphuric 
acid.y It IS a blue crystalline substance containing a 
large amount of watei bf ciystalluatioii. When 
heated, the water of crystallization is given off and a 
white anhydious powder is left behind which again 
becomes blue when water is added to it. 

Experiment 131. Powdei, a few crystals of coppci 
sulphate and heat the powdei in a test tube. Drops 
of watei condense on the ' upper paits of the tube. The 
powder becomes whi'ish in colour. Cool the tube and 
add a few drops of water. The powder again be- 
comes blue. 

Coppei sulphate is used in batteiies (Daniell Cell) 
and in coppei -phting. It is used in the preparation 
of nearly all other compounds of copper. It is used in 
calico piinting, in the prepaiation of certain pigments. 
It IS used in medicine as a caustic in granulai lids It 
13 mixed with lime (both in solution fotm) for 
spraying plants to p. event the growth of fungi. It is 
used to destioy weeds and algae in standing watei. 

Silvef [Cliniidi) 

Occurrence. It has been known from the eailiest 
times as it occurs free in nature. It is generally 
present, mixed with small quantities of gold and 
coppei It is present in lead oies. Its important 
ores are; — 

(1) Silver glance, which contains silver and sul- 
phui . 



( ) Hotn-silver, whicli contains silver and chlo- 
rine 

(3) Galena, an ore of lead, contains silvei ftom 
which a 73 chiefly detracted. 

Propei'ties, Silvei is a white metal with specific 
giavity 10'5. It is veiy malleable and ductile. It 
melts at 960°C, It is the best conductor of heat and 
electricity. 

It is not oxidised by pure an but in au which 
contains tiaces of snip hii re tied hydrogen it becom-.s 
black on account of the foimation of black sulphide 

Hydiochloric acid has no action on silvei ; stiong 
and cold sulphuric acid has no action, but when heated 
it dissolves silver forming silver sulphate and stdphur 
dioxide : 

Sulphuiic acid 4- Silvei— Silvei sulphate 

-b'^tfiphui dioxide. 

'Nunc acid dissolves it leadily founmg silver 
jiilrate and oxide of mtiogen : 

Silver H-mtiic acid = Silvei nitiate-l oxide of 

mlroeen b water 

Uses It IS used m making ornaments, utmsiis, 

murois, idols and for other decoiation purposes. 

Alloyed with coppei it is used in making coins and 

oinaments. It is used in electroplating base metals. 

Salts. Silver Nitrate i- the most important salt 
of silver and is obtained by the action of nitric acid 
on silver. It is a colouiless, .crystalline substance 

and IS readily soluble in water. The solution when 
exposed to sunlight becomes black. It is, therefoie. 
kept m daik bottles. When a diop of the solution 
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falls on cloth or skin, a black stain is pioduced. It 
IS, therefore, used m marking-inks and hair-dyes. Its 
solution IS used in medicine as caustic lotion. It k 
used as a reagent in the laboratoiy as a test for chlo- 
rides and hydiochloiic acid. 

Other salts of silvei, e.g., silvei chloride, silver 
bromide, silver iodide also turn black on exposure 
to light and aie, therefoie, used in photography. 

Gold i^ona). Oc.urrencf. It is one of the hist 
metals 'known to man. It is found usually in the 
native condition mixed with a little amount of silver 
and coppei. It is worked in India in Mysore. 

Properties, It has a beautifLil yeibw colour, is a 
brilliant metal It is the most malleable and ductile 
of all the metais. Its -.pecific giavity is It 

melts at 1075°. 

It IS not affected by air or by sulphuretted 
hydrogen. It is nut soluble in any single acid but dis- 
solves Jti aqui regia. It combines directly with chlorine 
and btomine. 

It IS too soft for use as oinaments or for coinage 
and i*!, therefoie, alloyed with copper or silver or both. 
The alloy is harder and is able to resist wear. It is 
used foi electroplating silver and other metals. 

SUinVARY, 

Copper, silver and gold occur free m nature ana were known to 
ancient’s All these metals are found in India The important ores of 
copper are copper pyrites, cupper glance, cupnte and malachite The 
important ores of silvei are stiver glance and hom-tilver 

Silver is the conductor of heat and electricity, and nex t 

com^? dpper B^th are very du'‘bil8 and malleable Both have a 
high melting point The action of hydrochloric acid, sulphuric acid 
Hud nitric acid is the same on the two iiietuls 



UoWianoL soluhtem single neui but disaolves in aC]U& 
tcgirt 1 1 reraaius unatfectpd in air 

'file important aait of cupper is copper smlphate and that of 
silver IS silver nitrate Silver salts lurn black on e^poau^e to lijlit 
‘ail'd are, tlierefore, used in photography 

QirESTIOXS 


1 What do you knoiv about the oceurtence of copper S Name 
same of its ores. Describe its physical properties 

2 What IS the action of important acids on copper ? What w 
the effect of air on copper ’ 

3 Describe the preparation, properties and uses of copper 
sulphate, 

4 How does silver occur in nature f Describe its properties 
and uses 

f> Deacnbe the preparation, properties and uses of ailvei nit- 
rate Why are silver salts used in photography T 

G Describe the properties and uses of gold 

7, How does copper occur m Bsture ? Deseiibo the properties 
and iisea of copper and copper oxide Mention some of the more 
important alloys of copper What happens when nitno ucid is 
a'dded to copper 1 (P^U ^M,d S L,C , 1913) 

8 Explain what happens when copper pice and silvar rupee 
me exposed to air for a sufficiently long time ! Why does a silver 
apoon become tarnished when placed iH beaten egg 1 

9 What happens when a crystal of copper sulphate is heated, 
and when water is pouied over the heated crystal 7 

10 How do copper and silver resemble each other ? 
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ZmC MERCURY, MAGNESIUM 

Zinc Oicutrencs, Zinc does not oceu: 

free in nature. The importaat ores of zinc arc : — 

(1) Zmc biendf (z.inc sulphide)- contuina zinc 
and sulphur. 

(2) Zincite (zinc oxide); contains zinc and 
oxygen and 

(h) Calamtnc (zinc carbonate), ccntains zinc, 
carbon and- oxygen. 

ProptihtB, Zhic 's a bluish- wh*te tnetal. As ordi- 
iiaiy temperatute it is buttle but becomes soft, malleable 
and ductile when heated. It melts at 419°C. Its den- 
sity IS 7 1. It i!, not easily attacked by an and hence 
is used for coating non sheets to protect them fioni 
uistnig. Iron sheets are cleaned and dipped in molten 
zinc, when a thin layer of Zinc adheies to the iron. The 
aorcess is known as galvanizing iron and, the iron is. 
known as ffaluamzed iron. 

When heated strongly zinc bums in air foiming 
a white powder — zinc oxide. Zinc dissolves in dilute 
and concentratea hydiochbiic ncid to fomi zme chlotide 
and hydiogen. Dilute suLphiuic acid acts on it to form 
tine sulphate .and hydiogen but hot concentrateci 
sulphuric acid produces sulphur dioxide. It is readily 
TOluble in nitiic acid, 

Ziiicddil hydiccliloiie acid=Ziuc cl.loiide-h 
hydrogen. 
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Zuic 4-dil. Sulphuiic acid =Zinc sulphate f diogen 
Zinc-fcon, sulphuric acid= Zinc sulphate + sulphui 

dioxide -h water. 

Zinc-+nit'ic acid=Zinc nitiatcH oxides of iiitiogen 

+ water. 

Pure zinc is not acted upon by hydiochloiic acid 
Zinc is soluble in caustic, potash and caustic soda and 
evolves hyd ogen f..oin them (.SVe Hydrogen ) 

Uses Zinc is used in galvanising non, It is u<-ed 
as a negative pole in batteiies Its unportaiit all'ys 
aie Biass, Dutch metal and German silver. 

Salts. Zinc or.idc It is piepaied by burning 
Zinc m clay crucibles {Kuthtli) It is powdered and 
Ujcd in medicine, paints and pigments 

(2) Zinc sulphate. It is piepaied by the action 
of zinc on sulphuiic acid It is a cryatalline substance 
and contains a large ainoaiit of water of crystallization. 
It IS known as white vitiiol. Its solution is used as 
eye lotion as a cure far sort eye 

Mercuiy. Ocuirteiue. It occuis in small quanti- 
ties m the free state and was known to the ancients 
under the name of qiiickulver as its colour is ciKcty 
white and it flows like watei It cannot be picked up 
by hand if thiown on the ground or any other suiface. 

Its impoitant ore is Cinnaba. ^Meictry sulphide 
(meicuiy and sulphur). 

Prnpeifns It u the only mct'’l, which is liquid 
at the oidmaty tempeiaiUiC. It i? silvei white in 
cobitt with specific gravity I3'59 It sclidihcs at 34° 
C and boih at 357°C. Iinpinc meicury leaves a tail 
beiiiiid when rolled ovoi a smooth sniflice cf 
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The iiiital i3 not affected by ordinary air, but 
V hen hrated it combines with oxygen, forming red 
oxide of mercury. The led oxide of meicury if heated 
decomposi's into mercury and oxygen. 

Mercury is not acted upon by dilute or strong 
hyd ochloiic acid and dilute sulphuric acid. Hot con- 
centrated sulphuric acid acts upon it to form mercury 
sulphate and sulphur diox'de Nitiic acid dissolves 
it to form mercuty mtr.ite and oxide of nitrogen : 

Sulphuiic acid + meicury=Mercury sulphate-f- 
sulphui dioxide + water. 

Nitric acid \ mercury =Mercury nitrate-j-oxide of 

mtrogen-fwatet. 


Fiinfication. Commercial meicuiy 
tains lead, zinc and copper as impu- 
iities It may be cleaned by filtra- 
tion through chamois leathei and 
then purified by running it scveial 
times m a thin stream through a long 
column of dilute nitric acid contain- 
ing a little mercmous nitrate as shown 
in the figure ((i.S). It is then washed 
with water ard dried To get chemi- 
cally pure mercuiy, It IS distilled in 
vacuum. 

Usf^s, It li extensively used in 
baiometers and thermometer. It 
dissolves many metals, e.g , zmc, 
sodium, coppei, etc., and is used to 
form then amalgams. Tin amalgam 
IS used ill miiiors. Amalgams of 
gold, copper and zmc. aie used 
in dentiriry. It is used in the 


usually con- 






Fig. 65, 




laboratory and m the separation of gold and silvei 
f om their ores. 

Compounds : Calomel or Mercurous chloride- It 

contains meicuiy and chloiine. It is a white powder 
and IS used in medKine in small doses as a purgative. 

Mercuric chloride or Corrosive sublimate It con 

tains more chlo'-ine than calomel It is a poisonous 
substance and its weak soLition is used as an antiseptic. 

It is sold in the fiim of blue pills. It eats away metals 
and, therefore, its solution is piepared m chinaw.ire 
01 glass vessels. Its antidote is egg albumen 

Magnesium Occunence. It does not occui f.ee 
in nature, but is widely distributed in the foim of 
magnesite (magnesium carbonate); dolomite (magne- 
sium and calcium caibonate). 1 1 the Stassfurt 
deposits magnesium sulphate and magnesium chloride 
are also found. Talc, soap-stone and asbestos also 
contain magnesium. It is present m the sea-water 
as magnesium sulphate and magnesium chlonde. 
Certain mineral springs contain Epsom salts (magne- 
sium sulphate) dissolved m them. 

Pippmatio7i, It IS piepared by the eh’ctiolysis 
of fused magnesium chloride and is pressed into iibbon 

Prapprtips It is a silvciy white metal, w'lth 
specihc giavity of 1'75, It melts at (151 °C. It is un- 
affected by dry air but in ordinary moist air it soon 
becomes tarnished due to the formation of a film of the 
oxide and basic caibonate of magnesium. It burns m 
au with a dazzlmg white light. It burns in nitrogen 
also fjimmg magnesium nitiide. 

The metal dissolves in dilute acids but not in 
alkali’s. It is the only metal which evolves hydrogen 
f om dilute nitric acid. 



the’). Magnesium powdei mixed with powdeicd 
potassium chbiatc bums v.uh a noise when lighted, 
pioducing a bhi.d white flash, used in photography. 
The metal is a constituent of some light alloys used in 
motoi pistons. 

Compoiivd^. Magnesium sulphate or Epsom Salt 
13 the most impoitant s..lt ot this metal It occurs in 
seT-watei and m ceitain spiings It is pi spared by the 
action of mignesium on salohunc acid It r, a white, 
crystallme substa ice containing a large amount of 
water of ctystalliz ition It effloresces when exposed 
to air. It r. used in medicine as a puigative under 
the name of magnesia and is also used m dyes. 

SUMMARY 

Zino and inagno^mm (to not ocpin free in iiMtiiie Tlje ores of 
7inn are /me blende, oalarnine ajid ziaoite Magnepiiiin is wiilely 
diatnbi'tod in nature a« megneaium oiirbonato and sulphate It is 
present in sea ater in the form ofmagnesium sul|)hote and ehlorida 

Mercury occurs in free State lie ore is cuinubfir 

Zinc and raaKiiesmui bum in an fornnnK thou oxides Sfercurv 
when heated combines with oxygen to form red (ixide of mercury 
which on further heating docomposea into oxygen and rrieicuiy 

Mercurv is purified by tieating with dilute mtno and It la the 
only licjiiid metal 

The important snlta of zinc are zinc sulphate nnd /inc oxid* 
Roth nra used in medicine The aulta of ineioiiry arc meiciiroiia and 
innrcuiic chlniidea The salt of mngncuimi la iiiiigmainm sulphate 
used in racrlicmo as a purgative 


QUE.S1TONS 

1 Nmne the pi incipal ores wf 7ino Give tlini composition 

2 What me the chief phjBioal and chBiiiical poipeitieo ofzino ? 
Oiv'e its uses, 

,3 How IS gid/anizod iron prepared ? What is its use ’ 

4 What do vou Uuovv about the oocuireiico ul iiimuiv ? 
Give I's chief piuperties and iises 



i'. JTflirifi tliQ iin[ioitniit suits (if am! irerrm y tin p (lit ii 

HIP"! 

6 Emirperiite llie properties I'liil uses of iimfriipsiiuii 

7 Whnt IS Kps'iin salt ? How is it prppiued ’ Wlial are its uses ' 

8 Wliat happens nlien — 

{fi) /.nic is lipauil htioii”l\ in . 111 , 

(//) more my is liealer) in rii, 

(i ) uiaptipsuitil lb h< nte(> ui air, 

(d) ie<i oxide (if uinrciiiy la hunted ’ 

t) but H tli6 a( tion of miport'iiit aoidfl on - 
(«) inuanesiiiin, 

(ft) inereiiry, 

(() /me '' 

UI H('w IS nifrimy i untied ' Xt'iiy is it u.>ed in tlitnno 
meters and btiininaiera ’ 



CHAPTER XIX 


Tin and lead 

Tin OcturKTKe. Tin occur=! in small quantities 
m the native condition. Its important oie is tin- 

stone (tin and oxygei) 

Piop^rh . 1 . I hiiaidl. Tm is a white metal 
with a specific giavity of 7 3. It melts at 232°C. 

At the ordinaiy temperature it is malleable but when 
heated to 200''C , becomes buttle. Tin foil pio- 
duces a peculiar sound when bent. 

Ghermcal Tin is not affected eithei by air or 

'water. If it is heated strongly it burns wth a dazzling 
white light foiming tin oxide. 

Dilute hydiochloric acid has a slow action on tin 
but hot and concentrated liydrochloiic acid leadily 

dissolves It, evolving hydrogen : 

Hydrochloiic acid-t Tin=Tin chloiide 4 hydrogen. 

Dilute sulphiic acid has no action but hot con- 
centrated acid readily attacks tin to form tin sulphate 
and sulphur dioxide ; 

Tin 4 sulphuric acid=Tin. sulphate 4 sulphur 

dioxide 4 water. 

Dilute nitiic acid acts slowly upon tm forming tin 
nitiate, ammonium nitrate and water Strong acid with 
only a little water dissolves tm to foim metastaniiic 
acid, oxide of nitiogen and water. Chemically pure 
nunc acid has no action on tin. 
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Usiis As It does not tatnish in oidiiiaty oi 
moist an, S3 It H u.;d in tinning non sheet to protect 
it from nistmg It 13 made by dipping non sheet m 
molten tin. But if I'on bicomes c'cposed in a tin sheet, 
It leadily rusts It is used in many alloys, r ^ , bionze, 
soldei, pewter, and Batannia metil (rn, copper and 
antimony). It i5 used in tinning kitchen utensils. 
Tin amalgam is used in looking glisscs Tin-fo 1 is 
used foi packing foodstuffs and othei ai tides. 

Salts. Tin oxide is used in enamtls and glares. 

How I 0 tin a vossH. Tl.otoughly clian and heat 
strongly the vessel to be tinnecl Rub powdeied 

amtrwonium chloride on the suiface with a coarse cloth , 
It furthei cleanses the suiface Sp' inkle a little resin 
on the surface, it melts and pioiects the suiface f.om 
oxidation Now rub a piece of tin on the suiface and 
spiead it thoioughljr with the piece of doth. 

Lead Ocamence. Lead is found fiee in natuic 
ill traces The clue" ore of lead is Galena, the sul- 
phide, which is a heavy mineial with a bright lustie. 
Galena is found abundantly in Burma Galena some- 
times contains silver which is extracted by special 
methods. 

I’ln-pertifs Perfectly pure lead has a bluish grey 
colour and possesses a silver-white l.istie. It is very 
soft and can be cut with a knif,. It maiks the paper 
and hence w’as mistaken for graphite in lead pencils. 
It IS a heavy metal with specific giavity of 1135 
and melts at 327 °C. It cannot be hammered into foils 
or drawn into fine wiies, but it cm be rolhd into sheets. 

Ghemxcal Freshly cut su face soon tarnishes 
due to the formation of a thin hyer of hydroxide and 
carbonate. The metal is not attacked by pin e watei 
(except at the boilmg point) Oi by an, but is lapidly 



LOiioded m moist air or in sof( watei having caibon 
dioxide dissolved in it The hydioxide and a little 
caibonate formed dusolve in watei and rendei it 
poisonous, Haid watei containing caLimn bicai- 
boriate has nivch lees action on lead than soft watei 
An insoluble layer is formed in this case winch piotects 
the metal. Lead pipes, theicfore, should be used foi 
haid watei and not foi soft watei. 

When heated m an, lead first melts into a shining 
liquid whose suiface soon becomes tarniihed. 

Giadually it is conveited into a yellow oxide called 
lithaige {mui'da zartg) On furthci heading this 

oxide takes up more oxygen and is conveited into ted 
oxide of lead known as led lead {sandhur). When led 
lead IS heated, oxygen is given off and lithaigc is I ft be- 
hind. When red lead mixed with powdered chaicoal is 
heated strongly in a clay ciucible or undei a blow-pipe 
flame, it is i educed info metallic lead 

Experiment 13'2. Bore* a hole in apiece of chai- 
coal. Put in the cavity a little of the mixtuie cficcl 
lead and pow'dered chaicoal Heal it m the leducmg 
flame of the blow-pipe A shining bead of lead is obtain- 
ed. It marks the papei and is very soft. 

Hydrcchlonc acid, dilute oi stiong, and sulphuuc 
acid, dilute, have no action on it. Strong and hot 
sulphunc acid dissolves lead forming lead sulphate and 
sulphui dioxide . 

Sulphunc acid -)- lead = Lead sulphate -)-sulphm 

dioxide-b water. 

It IS readily soluble in nitiic acid forming lead 
niUate, oxide of nitrogen and watei : 

Nitiic acid-t had ^L.ead nitrate -| oxide of nitrogen 

-+ water 



204 


Acids present m vegetables form poisonous 

compounds with lead, hence vessels which contain 

lead should not be used for cooking pui poses. Zinc 
displaces lead from its salts. 

Expekiment 13d. In a 
cylinder dissolve some lead 

acetate. Suspend ?n it a 
piece of zinc by means 
of a thread as shown in 
the diagram. Keep it for 
a day. A very beautiful 
lead tiee will be obtained. 

Zinc dispLices lead which 
IS deposited finely on Zinc. 

Zinc dissolves and forms 
Zinc acetate ; 

Zinc4kad acetate 
=Zmc acetatc+lead Fiff 66, 

Uses. It IS largely used m making thcctj for 
lining tanks and sinks and m making pipes. Lead 
sheet IS used in lining the chambeis m the naanu- 
facture of sulphuiic acid. Most of the metal is used 
in making its salts, chiefly white kad (lead carbonate 
—safida) used for making paints Lithaige and red 
Bead arc also used in making paints. 

Alloys Solder and type metal aie the impoiiant 
alloys. When alloyed with a little arsenic, it becomes 
very hard and is used in lead shot and bullits. 

Compounds. The important compounds are 
litharge and red lead— which are its oxides. 

Lead carbonate is impoitant foi its extensive use 
in paints. It is an amorphous powder and mixes 
leadily with Imseed oil. All the compounds of lead 
are poisonous. ’ 
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< impoiUitii ! re ot tui \d iUiaLc>iit» a d ot Jeiid, g derv?i, 

‘ii tjn and 1 o dhai^ <t high ilf'naity and low niolLnig fjouil 
irr malle^ii U hul nut <Uitiil<* 'lin 1*1 unafli < ted hy an 01 Wntfi 
p Uf I d fer t It tiiiifx in»n ur«tl kiUhtti iiu-i S115 

urna tcj ur if licatt'd 'itiongi\ to foi m tin cixidtt Tin ih uaed Ui 
cliioflj, Till a.uulg m is u^tid tu luaknig uunor? 

lie action Lne luhk in thread ] 

whri} heated ti>rn>*i liUi irg« und i<«I liint l.etul c 3 irhonato 
eee oxit’ctait Uhtd a |MUi ts It la UfaciJ 111 liuels aui.) pipes In 
fi 1 1 It it'-ed in 118 aalder iiiid ty I e lueLala Allnjed 

raeinr it is 1 bid lm ai'iku g loiul s>hf>( and oudet^ 

ihe eornfiouiuh of k>ad aco puiaotinua 
QUEhTlON.S 

iJctcr'h^ the prop! J t icH and UM'» ol ( I ^ t in, And ^ 2 ^ Iwad 
Da.ciihe ti e aetio»i of water uu lea<l 

^VtUe the pmr-er tit's and uses <»t (!) gAletui, (-J) red lead 

"lute load. 

How dccH ^-iro ocini tn nature ’ How would you distinguisii 
•ni tin «u d leu<l ’ Nanif" some of the alloys of /me and g.vo 
ruace (t' P . M d- S L C , {^ 4[2 ) 

Hijw irill S'- t tho fuUowung — 

) lithaigo tinui load , (*J) lead from red lead , f{l) red h ad 

fioin luliurgo , ( 4 ) lead from lead uretato 

V(ii> < 4 D 111111*181-11011 tokt-’s plm o »v‘i€n (ri) iiitrir utid utta 
snlpl nrjt ucid on lend ’ 

riLf‘ ahoit U'Jtcs on — 
h.ck lead, viljie lead, anti red lead 
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ALUMINIUM. 

'occurrence. Alummiura does flol occur free ift 
V>atuie, but ts Widely distributed as a constituent of 
'day in the earth’s crust. The most important foims 
are the oxide alumina and the silicates. 

Corrundura. ruby, sapphire and bauxite arc the 
'chief oxides. It is profitably extracted from bauxite 
Ruby, sapphire, emerald, topas; and precious stones 

are its oxides with different colours. 

•* 

Properties, Aluminium ts a bluish-wbite metal 
having a specific gravity of 2’7 It is very malleable, 
ductile and tenacious. It is as good a conductoi of 
electricity as silver. It mdis at 65y'C. 

It resists the action o,f air its surface being 
covered by a thin tiansparent layer of oxide which 
prevents further attack. It does not decompose 
TVater even at the boiling point. It is acted upon bv 
sea- water, or saltish water. Dilute hydiochloiic acid 
acts slowly on it but hot concentiated acid dissolves 
It readily forming aluminium chloride aud hydrogen ; 

Hydrochloi ic acid + aluminium = Aluminium 

chloride T hydrogen. 

Dilute sulphuric acid dissolves the metal to form 
hydrogen and aluminium sulphate but hot strong acid 
forms sulphur dioxide i 

Aluminium 1-dif. sulphuiic acid = Aluminium 

sulphate + hydi ogen 

Aluminium-} strong hot sulphuric acid=Aluminiiifli 
sulphate-j-water+sulphur dioxide 
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Nltiic acid dilute oi strong has no action on ii. 
It IS dissolved m solution of caustic soda oi caustic 
potash with the evolution of hydiogen : 

Alumimutn + caustic soda= Sodium aluminate 
+ hydrogen. 

Aluminium powder is a powerful reducing agent. 
Oxides of, ceitain metals, f.g , coppet, which cannot be 
leduced by chaicoal are reduced at once by heating 
with aluminium powdet. 

Alloys Magnalium is an alloy with 2 to of 
magnesium, it is lighter than aluminium and is used 
m making au-ships, pistons of motor engines and cheap 
balances. 

Duiahum contains aluminium, coppei and mag- 
nesium 

Aluminium bionze contains copper fiom d to 

10 %. 

The alloys am haid and have 3 high tensile 
stiength and aie not corroded by sea- water specially 
if manganese is also present 

Usffi. Alumimum and its alloys aie used fm 
making cooking utensils, photogiaphic caineias, tele- 
phone leceiveis, and pictuieTiamcs, tiays, combs, 
and other ornamental things. When its powdei is 
mixed with linseed oil, it is used as a white paint. 
Aluminium powder is used as a reducing agent in the 
metalluigy of ceitam metals, e q , manganese. Air 
ships and pistons of motoi engines are made of its 
alloys. The pOwdei mixed with black oxide of coppti 
IS used m making 'phul jh'irrts. 

Compounds. Natural oxides m the form of luby 
emerald, sapphire arc used as piecious stones. 
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AIlUBI; it^katkatt), is a double sulphate of pocasstuui 
and aluminium. It is a white crystalline substance 
With a laige amount of water of crystallisation. It is 
gieatiy soluble in watei, When heated it gives out 
Its water of ciystalhzation and forms a white porous 
mass {phul phatkari). It is used as a mordant, i.e., 
as an agent for fixing colours on cotton and for 
cleaning watei. It is used m the tanning indusrry. 


suMJiAny 

Alumnnui'. dnas not occur free m naturp Its important ora ra 
iiaiixite Ruby, oiiioraKl, siippliire are oxuit a and uaed as praounis 
atones 

It ifl a liwlit meta! with a high lonaile strength ant) la not atfeot- 
eil by nil tt is not attached by niti ic acid but dissolves in liydro- 
.■liloiio acid and sulpliurit, nerd and m alkalies It is as good a con- 
ductor of electricity os silvei It is used rhieHy on account of its 
lightness, oheapiiess am) high tonsdo strengtb in making air-ships, 
motor pistons, utensils, cniiierap, and other household and ornamon- 
till things Its powder la a reducing agent and is used as such 

Its chief alloys are magnaluim, duruliinn pud alurainiiim bronre, 
QITESTTONS. 

1 1 lean ibo what you know about the occiinonce of il I It i 

2 riive the propel ties and iisas oF aluinitiiuni. 

3 D scribe the action of air, sea unter and important acids on 
alunimuim 

4, Why is aluminium so extensively used 7 Give its uses 

d What happens when — 

(1) Aluminium powder and coppei oxide are heated together 7 

(2) Aluminnim is put in caustie soda 7 

(3) Zino is put in potash ’ 

0 Name the important alloys of aluminium Give their pro- 
perties 

7 Give the oolUpcbitioii of alum What happens when it is 
'neated in a test tube 7 



CHAPTER XX? 

IRON. 

0cctci)&v(p. Tion sb the mobt wiipoitant anC 
useful of the metals, so much so that we are said to be 
living m the Iron Age. 

It Qccum vciy tarei-y m the ftec stare m natuie. 
Iron K present jii the soil and m the human body m the 
red colouring- matter of the blood The important orei^ 
of lion are ■; 

(IJ Mignetitc ot magnetic ore — oxide ; contains 
i>oiT and oxygen. It is inagnetk in piopertves and 't. 
known as Lodestone. 

('?)' I-faematitc— oxide of iron 
fh) Iron pyrites— Suiphtde of iron. 

(4-) Clay iron stone — carbonate ot non. 

Ancient Hindus wcie quite familiar wuh the 
.'xtraction of this metal from its oies, The famo-u' 
non rusting u on pillar at DHhi is a ckai proof of then 
■jbili Now-a-days cast-non is prepared at TatanagJi 
in die Tata lion Work^ 

Tnnehitt if /ton. There aic three* varieties of 
jroii They diffei from one another m pioperties and 
the p’eicentage of caibon and other nripurities, The 
ihiee kinds are : (11- Castnronv (2) Wrought-uou and 
M) Steep 

Cn3J-iir«n (Pig Iron) It contains f.om 2*2 to 4 5 
pel cent or mote of carbon mostly in the uncombmed' 
sija-ce and is called graphifx caibon. Besides carbon the 
tither iinpuiities met with are suiphut , phosp! © aSj 
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TTtatigatiese and sLhcon. If this i on u dit.s>olve 
hydiochloric acid, black pariichs of caibon are 
floating m the solution lifi ta the bottle 

Cast I'oii ii baid, b I'tla and coarsely crystal 
Its melting point is 1 10 )“C. Most of it is co averted r 
wrought-irou or steel It i, Ujcd in casting var 
articLs, e.g , stoves, pipes, parts of michinerv 
castings f->i ornaments for ir expands on coohng 
-watet It cannot be used fir making articles w 
have to stand great stiain, e y , Rail^ny lines, 

Wrought-iron It 1 j the pruest vari,ty i,o'it 
ing from 0 12 to 0*25 per cent of ca'bon. It rn 
.at a higher tena; e atu e than cast non (1 lOO-lSO 
Tiae total impu i les (carbon, sulohti-, silicon 

phosphorus) are !;ss than Ii is tough 

malleable and is soitiitimes called as malleable ir 
It can be tolled into sheets and diawn into wit es 
can be welded, i.e , iw'o pieces can be muted w 
led-hot by hammering them togetlier Its pio i 
of welding IS exceedingly us‘f il and u used by bl 
smiths in vaiious ways It is used ta make s 

a'tichs as can be made by beating with iiamni r, 
hotse-shoes, nails, spikes, etc 

Steel Steel contains fioni 0*15 to I s pci c 

of carbon in the combind state. It i. thus- parei c 

cast-iron but impurer than vviought-iron. It coiit 
only a little of silicon and no sulphui or phospho 
It laaay contain manganese, tungsten, chionuuni, iii 
etc , which are purposely added to produce alloy ste 
used far special pui poses 

Ttie properties of stetl d pend on the percent 
of caibon ; low' carbsn stetl, .ire soft, tough and dui 
like wiought 1 on - mild steel ; mcicase in car 
makes it harder and brittle. If steel is heaud 



redness and then cookd suddenly by plunging mCo 
watci. It becomes as haul and b ittlc as ghss. The 
piocess IS known as Haidenjng. By heating this 
hardened st'^el fiom 230°C. to 316°C. and allowing it 
to cool slowly m air, the steel acqiiiies different 
■properties The process is known as Annealing, Steel 
13 used fo making i a"Oi -bl ides, p;n-kmves and axes, 
eutleiy, watch sp, mgs and swoids, chisels, saws, etc. 
Steel la used in miking iitiricial niignets because it 
retains magnetism. 

Properties of iron. Chemically pure non Is not 
known mcommc.ee. It can be prepared by the reduc- 
lio V of puie iron oxide by hydrogen or by the electio- 
lysn of a solution of ferrous chloiide. Pure non is a- 
soft, white metal with a specific giavity of about s and 
mrltiiig point lolOX, Puic <ron does not lust in diy 
ail but ji moist ail it rusts. To piotect it To, n rusting 
it IS tinned or galvanized. It is the most magnciic of 
all the substances 

lion bums in oxygen to form iron oxide. It de- 
comooses steam It is leadily soluble m dilute or con- 
centrated hydrochloric acid forming non thloiide and 
hydiogen. With dilute sulphuric acid it gives 
hydrogen and iron sulphate but with strong and hot 
acid it giv.s sulphur dioxide, non sulphate and 
Water, Nitric acid dissolves it to foim non nitrate 
and oxide of nitrogen and watei. 

Rusting' of iron. In the presence of moist air 
non IS toveied with a blown film known as lust. 

This IS uon oxide. Thus iron is corroded if 
left exposed to moist air fai a long time. Dry air oi 
watei alone has no action on it,' This can be ptoied 
by putting clean nads in a test tube containing boiled 
waici and tightly coiked not to allow air to pass and 
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placing lion nails in diy ait. To piotect it fiom lust- 
ing It IS painted, varnished, enamelled, tinned or 
galvanized. 

Saks. The impoitant salt of iron is non sulphate 
(gieen vitriol). It is piepaied by the action of dilute 
sulphuric acid on non. The crystals contain a laige 
amount of water of ciystalhzation. It is used in the 
manufacture of inks and paints and as a reagent in 
the laboratoiy 

St MMARY 

Thera aie three vanatire of iron — oast or piR irnii, nroiiplit or 
malleable non aiifi steel Cnfit-uoii ooninins fioni 3 to 1% of eiubnii 
besides siilplmr, phosphorus, mnngjineso and silnoti Ir is brittle but 
casts well and IS used in articles winch are piep.ned by (listing 
Wrought iron is ilio purest variei^ ooritainn g only to 2^']^ ut 
carbon iinrl other impuiitios It can bo rolled in to sheete and drawn 
into wiies It cun be welded It is used for raakiug nmls, lods, 
horso shoes, etc Steel oont'iins from 1 > to 1 B% of i in bon withoiit 
Biilpliur or pliosphoi us Its pi operties vary between east non and 
wrought iron Its ptopoi ties ih pend upon the peieoiitnge of e. rhon 
and the he it tieatinont It is used in cutlery, r i/urs, olnsels, sans, 
etc Pure iron IS obtained liy reduoiiig iron oinle Iiuri rusts in 
(lamp air It dissohea in all acids 

QUESTIONS 

1, Name the various varieties of non Give then distinctive 
piopcities and importont uses 

. 2 MboI ion the distingmshing elmracteiistics ami the important 

nres of the differtMit conuTiorcal varieties of iron What is the effect 
of lony exposure of iron to inoiature I What deiioes are used to 
protect it from the action of inoiat iiir 7 {P U , M A, S h C , 1*131) 

3 What do yon know about the cuinpoauion, jiropertits and 
uses of the following — (a) washing sod itilcirphitp, (c) lime and 
(d) steel (f f . di <£■ S LC , 19J3) 

+ Enumerate the chief p, I]) i les and iises of any two of tlio 
following metals — Coppei, i i icu , w n and lead 

{P n ,M tb fil La , 1926) 

5 What do you iindcist .11(1 by I o terms liardcning and anr a- 
filing as applied to stoil 7 H w’ do . ey modify its prupertios 7 

Describe the action of imp taut acids, b"tli stnui,' and 
dilute, on non 



CHAPTER XXn. 


ACTION OF IMPORTANT ACIDS, AfR AND 
WATER ON METALS 


Action of acids We have studied in previous 
ciiapteis the action of impoitant acid^ on the vanout, 
metal', We have seen that the .iction depends upon 
the concentuilion I f th" ?Liiii.», wdl as its teuipeiatuie 
In this cliaptei wc will SLimin'iiii- what we h'’ve read 
b f ) e 

Hydi’odiloric ccid Coppei, mket, in(u’ut> ,i d 
had a.e not acred upoi bv dilate irydfociilofic acid, 
al nni'iiam and tin are shwly atfcktd by the dijuie 
and; sodiani, potassium, zme and iron ai c solabl: 

m dilute acid wi h the fo^niiion of then chlorides and 
e/olatiot cf hydiogen. Strong acid acts upon all thr 
ibove ineials except ‘“^l/ej, mficuiv and hid giving 
ihe same piod icts ns dilute aciJ Cupoei is acted 

upon by concemiaicd acid in the piesericc uf ai . 

Sulphuric acid. Dilute s ilphunc nc,l acts on 
soiii..i, pitassium, comme ical zinr, ion and alaini- 
niain to faim their sulphitrs a^d hydiooen Pure 

Zinc Is nor nttarfed by eithei dil ite hy drochloiic oi 
d.lut; saiphuuc acid Strong and hot sujphu jc a^ iJ 

1 ac s upon .nil the metal', (except gHJ) dealt wi h 1 1 

this boni: fnininc; stlahar dncid’', water and tltcit 
corr,,bpuiidiug suLnia'cs 

Ni tic rcld Nr ic acid acts tifun .ill the lurd , 
except -lainmutn to fjiin tin cOTcspj idi ig i ur^kicc 
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oxides of nitrogen and v/atei. In the ci-^e of un, how- 
evei, concentiated acid wiih a litde water foiin^ meta- 
stannic acid, o tides of iiitiogen and waiei. Abstdntclv 
puie nitiic acid has no action on tm while dilu'e nit ic 
acid slowly dissolves tin, torming tin nitrate,, ammo- 
nium mtnte and water Magnesium is the onlv imnal 
which evolves hydiogen when acted upon by diljie 
nut 1C acid. 

The following tabh gives tiie action of the tin el* 
nnportai t acids on the metals studied in thu book : 


lltidi iihUntc aci I Saljihm n tv 


\ fii I ( HI M? 




Ko i\ctjan vpifJi >h 
lute iicid Tt ibs- 
Htilve'5 slowly m 
the etronif uf\d 
when exposed to 
air and boiled 
Copper 
ehlorji' 

Cviprone < \ Ip- 
ndeM bjfiioeen 


No O' tion n t)>e 
cold b it hoi and 
‘^•rong ncui dis- 
«»lves it anioM 
up sulphur <li- 

o\lf 8 

Co pel *-sutpijiiru 
acil si-Coppei «*\d- 

)»hatf 4- «n)plmi 
di« Xidn \v>iter 


<K Ti ftd !\' 
oven Mitli CM Id 
nnd fhluto ni'id 
Nine 4 eop 
per'= Cnpp? r ni* 

Iroto f oxide of 

iim oon — waiwt 


2irjL 


No actMtf on pure 
zinc but impure 
Zinf 38 liOtl i\ 
iujon readily by 
ililiito or slicng 
HCld 

Zuie-t- in dn thlo 
no m id — Zirc 
flilondo-i 1 jdro 

b^ji 


f>dutc neui gi v e's 
1m droge?» 

ZUIO 4 BUlphUiK 
HO d (^«ld ) =-Zin( 
Bulpluito 
dropen 

S rong aiifl f • ^ 
iiMfl aul- 

)»hnr dio\ 

Zim ^ sulphuni 
o< id (Vk 1, 3tri>n^ 
-Zji'O aidr’hat? 
- Ridpl 'Jir di 

OXidti V> UV^4 


Zinc f uitiif- Honl 
-Zi? 0 nil rale 
- nxido f f n - 
■tugger -i-»TnUT 
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Mittal Ih/diucJifoiic acid SuJjdiui'tcacici 

fiilvur No aetioii Cold and dilute Acts leadily even 

acid haa no in the cold 

action, biifc hot Silver -f- nitric 
concentrated acid acid = Silver nit- 
diBsoheg it rate + oxide of 

Silver h feulphunc nitrogen -h water 
Hcnl (cuiic )~Sil* 
ver sulphate 
-}- sulpliut di‘ 
oxide-}- walci 

Merturj- No actiuii Cnld and ami dilute Acta readily 

and has no action Mercuiy + nitric 
but hot and acid = Mercury 

strong ucid roadi nitrate *-f oxide 
ly dieaolvoa it of nitiugsii + 

Mercury { aulplui- water 

nc noid-^Mar* 
cui V sulphate -|- 
Milphur dioxide 
water 

Sodium or Sndinin d-h'vdio Sodium +snlphii* Sodiiun -|- nitric 

roiufcianun chloric acid nc acid — Sodium and — Sodium 

a^Socliuni ( hlo. iulphalo -f hy- nitiate -}• oxide 

rid 0 -}- hyd rogen di ogen of nitrogen -}- water 

Aluuu- D' saolves slowly (t) AUuninium ~\- No action 
Ilium in dilute and cold sulphuiic and 
acid but at once (dil ) -Alumi- 
in <3trorig acid . mum sulphate 
Alumunum. l-hv- 4-hydrogon 
drochlonc acid (it) Aluniiniuni H- 
— Aluminium sulphuric acid 
c> londe-hhydio* (couc )=Aluini- 
gen ijium sulphate 

-{-sulphur di- 
oxide-l water 

lion It dissolves in (i) Iron -1-sulplni- Iron + nitno acid 
dilute and strong no a< id (dil ) (diliit® and strong), 

arid Iron + liy =Iron aiilphale = Iron nitrate 

drochlonc arid + lij'drogen -f-njcide ot nitro- 

— Iron chloride (njlron |-snlphU' g 0 nd-l^ate^ 

+ hydrogen iic and (emic ) 

—Iron eulpliate 
I sulphur dioxide 
1 water 
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Metal Ili/drochloncattiJ Siilphnne tunl Milter ncul 


Lead No action DiKito neirl has Lead neul 

no action, = load nitinle 

Lead ' sulphuric -1-oxide of nit- 

ai id •'hot and rnsen-l-ivater 

strong') — T,6nd &ul- 
phfite ' sidfhiir 
dioxid -l-water 


I'm 


vSlow action by Ko action with 
diliitnarid dilute acid 

Tin + liydrochloric I'm ) sulphiirK 
BOid (hot and ncul (hot and 

eon ) = Tin Ohio Btioiii;') — Tin sub 
iida + hydiogen phnto4-8iilphuT 
dioxide -1- watei 


Pine ndric acid 
hna no notion on 
till 

Dilute Tutnc acid 
d'tiu-'lm i.itiato 
4 ammomum 

niti atp + ttaiei 

N 1 t n c (I o 1 d 
(btrorig) 1- tin- 
MotiiBtniiiui,. acid 
-'-oxide of intro 
gen d- water 


Miignesmin Magnositim + b-^ - Mogntsuini | oul- MagneBnim nit- 

droohlnrit, !if id pliurio acid (dii) no acid (dil) — 
(dd ) =M»gno — Miignosunn MagneBUim in- 
sulin ohlonde-i- siiliilmto-l-lij - tratB-i-lijdnigen. 
liydrogeii drogen 


Action of air on metals. Moot of the matals 
if left exposed to oidinary air are covered with a thin 
layer of oxide or oxide and basic caibonatc due to the 
action of oxygen and caibon dioxide in air. This 
action of air on metals is called rusting though commonly 
used m the case of non only. In the case of magnesium, 
aluminium, zinc, tin, lead and copper, the action is very 
slow in the ordinary air but it becomes rapid when the 
metals are heated. They form their corresponding 
oxides. Sodium and potassium aie at once tarnished 
in the ordinary an Gold and silvet aie not affected 



by cirdsnA'V moi-t .ni o" cvni on heatinp. Au i-ou- 
tainmg sulphur compounds stains silver. Coppei if 
1 fi exposed for a long tune is covered with a green 
film of carbon ite—vcidigiis Lead when heated is 
tonverted into litharge and led lead Metciuy when 
he.ited is convened into red oxide of mercury In 
some cases, in alumiaium the layer of oxide 

formed piotccts the m;tal below from further oxida- 
Uon but in some metals, >,</., iron, the whole of the 
metal ciumbles, and eoirodes. In oidei to pieveut 
lusting of iron the sulfate is covered by a paint oi 
enamel. It is in some cases tinned or galvanized. It 
has been seen that non rusts only in moist an and that 
dry an or water alone cannot oxtdiZe non. 

Action of water on metals Metals may be 
divided into thice gioups accotdir.g as they act on 
water at the ordinary tcirptiature oiatt when heated 
or do not act at all. Sodium potassium and calciiun 
decempese water even at the ordinary tempeiature, 
combine wiih oxvgcn and libciate hydiogen In the, 
case cf potassium the hydrogen buins. Magnesium 
Znc, non, aluminium decompose water at the 
boiling temperatuu* or in the form cf steam. Coppei, 
meicury, silver, and gold do not act upon water at all. 

QUESTlONh 

1 'Oi'lmt do you uudortand by the term mating ot metaJs ** 

(live scniQ romn 0 i examples Hcv\ ^i]i ytu T'rottet m n tir nn 
rnstjiig ’ 

I Prme eAphnmentaUy that both ’w at or and an are nocoH^arv 
lor thf^ ruaiing of i on 

^ Whi b ijj \er<iit:iia’ Iliw ig it ft rmecl '' Wh«< is the of 
lL(j thin luvt'i <jf oxide on the suiface of aluminium ? 
i EvuUim th*’ ctiemical action which takes place when 
1 1) Hviiirocnlonc acid acbe on tiuc, (2) uitnc acid acts on copper, 
C3) sul]ihunc kifid sets on Lomuion salt, (4) nodium acts on water 

(P U d'SLC 1910). 



S Di!<?fnU> It) -tiuw tilt' iirti"ii i)i - 

li) hydiut-lilyui' <it.id on (*ij[ijjev, (*i) i^iiljiiiuiK ai,‘ii "ii Imi 

{'}) rsitM'- mui on int'n'ui'j) (4) [limits on taibon (iioiiuli' 

^fcalo t Iwiirly tho lOiulitinn iinilei which tlio.ibmo il'u' tinri‘- i.il 
iilittfl owl tho [jio<Jn'’t'i ui leiictiori's fornnil in f\i’iy i ,hh 

(/’ , M <L L b' , l'i:7; 

li \^ril 0 wl)j,( you know uhoiit tlm jcimn oi ~ 

Id! <iul[)iiiiiii ncnJ on loud, (h) iniiic acnl on siKei (, ) imln* 
t'liluiiv dcnl on oupii.i, (d) water on /iin ' 

btaie eltnrly tlio tomiitKn undct which the nlnne rtMciims 
should tnl.6 place uni tin' [■Kidin tsof leRcliuii obtnttitd in eurh tate 

(/’ (' , i\J It Sir, IliSi I 

I D’scriiie tlie ntti m ot dilute hytirochlonr ludon the follow 
iiig tnetals— iron, 710 ", aodiiim, nhiwiiiwm and lend 

h Un 6 the aution of waui im budniui, potnsaumi, iniigiu aiiiiii 
iiiid aluinumiin ^anle eome Uiotuli whirn tlo nut di 1 1 iiipoe'' v at* r 
at nil 

Si Uestnbo the actum ot dilute and si rung aulplmnc acid on 
Mile, mercury, cooper, aluniitnuin and iron 

10 Describe the action ot dilute nitru acid on tm iind magiie 
KUim and stron|t nitiic and 1 n alnininniiii, inm, cnppci and Ici'l 

II What hnpptiiH when too foll'iwing iiiftal-' lu leiUcd 
strongly m air, 'oppiT, /inr, lip, hiul ai d mui niv ' 

12 What happens when 

In] stcinri is passed mer ted hut in ignesiuui, 

(6) potnsaiuin la thiuwii m water, 

(cj 7iii( acts upon eauatii soda ’ 



TKST rVTM^HS 


{Ttilin fijtn U7iivii;>tn/ l^ipos ) 


PA V ICR I 


1 Dfcsi'nboa innHjod of (Ii'=tf!llin;r wnter VVhafc inipuiifiog 
■would be rernovL'd fiom tlie iiinddy watbr of aponcl (i) by d\atiUntionj 
(n) by fiUrfltjon ? 

2 Ilnw "woulfl you prop’iro iiystaW of a soluble aubolauce 
(nilre) guf^n to you in the form of a solid ’ 

■Ryplom hnvv rrystAlh/atvon may sonioUmoq be u'^Ncd .i rneuns 
of purifying a ^ufarnnee 

3 Vl^h. it pio])ertieR mv\*t ft substance posso '« to he doscrihad 
as nn loid ? Give any o\ain]»le9 you c lu of ucids being funned from 
o\idos 

4 Wli'it i> Llio c uupo‘‘iiuon <»f (i) qunkbmo (/»') elaked lima ? 
Wtuvt f'liemical ( hnn/'(’K (ako place wlion slaked li lie is boiled with a 
Kohiiion ot sodium oarbnnute 

o Describe evat th tlm result of heating (i) red oxide of mei • 
pury, (u) Pritassium nitrabi (??») leail nitra-to iu') ammonuuii nitrate, 
(^;) flotluim bicai borinte, (i i) blue \ iti lol 

6 thifh r what Londitions doca water act upon the following 

suhstain ea , (/) non (?/)sodniiii (/u) charcoal, (U’) dioxide’ 

What pioductis arc turmed in cacli cnar ’ 

7 Gn 0 on ai c oiint ot Iho orrnrrcnco of ulinnmium in natuie 
Prsi ribe its clupf jibysical and ohenuc.d piopertiea Give the uses of 
the inotal ’Wbat arc its useful alloj s ’ 


PAPfiR n 

1 Whfttdoyou iindei fetflud bv an elcinent, mixluio or a 
compaund ’ How would you rlopsify the following ’ Drimoiid, 
ice-crcam chtdk, sulphur, gunpowder, glass, air, and brass ’ Give 
reasons for your answer 

2 Describe the preparation and properties of hydrogen, 
Sketch the apparatus used 



"" , v; tttbb tflioli' ia< *h9 ootioa of (a) ai, , (fej waiai, 

j.v') aciJ, (JtHtronn hydrochloric »oid (o; dilute nitn.- 

(■«-id on Wi'i foh'dWM)' lU’laH ■> .I'lum, aluraiuium, iron, tin, lead 


4 'What le a vnltameter ’ Kxplii'u how it la uaej to /I, tniiriinB 
the ooropooition of water by volume 

5 Given the follovimg liquids G) aqueouo solution of sodium 
•chloride, (ts) dilute hydiuolilono acid, (lu) dilute miIdIiutic ui hJ 
.Iw) water — how would you identify each » 


fi Describe experiments to prove that 

(i) A compound m formed when iron and aiilplmr ate heated 
together lu a tube 

(u/ A piece of marble and a piece of chalk aie I’heimoally the 
same 

(ui) Air contains water vapour 

(lu) Substam es become heavier on heating iti air 

(o) Lime juice oouta.na an acid 

(et) Air contains a gas that will not support burning 

7 Daaoriba the composition, piopertiea and uses of the 
following Washing soda, green vitriol, sodium amalgam, brass, 
gypsum, tin plate 


PAPER 111 


1 Dasaribe two experiments by which you can show that 
about one-flftli of the air is a gas which is ohemioally more active 
than the remainder 


2, Explain the terra ‘water of crystollitation ’ How may it* 
presence in orystala be shown 7 

Name two aubstanoes whose crystals contain water of oryatol* 
lization What is the cause of the oppoaranoe of a white powder on 
the surface of some crystals after exposure to the oir ? Name two 
deliquescent substances and explaio the meaning of the term 


3 Doicribo how nitrogen i* obtained from the air and tarry 
out axpcriraanM to show its propertiw. 
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i Definw the terms aciri 
th® different oItssos of salts t In wliat 
)!;en»ral, be obtamod ’ Rive illnsliative 

5 iStata the corulitinne winch maj intlviene 
•hernical action, and givts »XKTnpl«q to illustrate thft fifftjft ot aach 


5 Explain i^ith illiiatriitiona the rhief prepertiaa bv wbiebi 
ra#taiB may bn diatinguisliedifiom non-metals 

7 E«B'-rili8 lha prepaiatiun and properties of nstne estd 


PAPER iV 


1 How tfl a mixture distinguished from a compound ? Gwf 
an example tojlluBtrato your diiawer 

2 Desorilin biirlly three methods of pi sparing oxygen Giv» 

its oliief properties 

How would you lamove from oxygen traces of (a) ourbon djoxid® 
(t) wdtei-vupour ’ 

3 Describe eicpunmonts to illustrato : — 

(0 The loss of water of crystallization by a salt on heating 

(n) A metal buinmg in o gas 

(m) Decrepitation 

(in) Bleaching 

(v) Sublimatiuii 

(m) Precipitation 


Desonha the structure of * eandl* flame Wh*n « wax candl# 
burns in air what chemical changes take place 1 How would yovi 
show the principal produuts at rombuetion experimentally ? 

6 What la meant by hard and soft watsr » Distinguish be- 
tween temporary and permanent hardness of watei , What la the 
hardness of water due to 

Deioribe the vsridue methods by whish hardness of waW may 
be removed 




j iropy,’ What aio the allotropii' 
l»e pToparatioii and properties of eaol* 


f ’ 

Im distinguishing rharactera of o 1 st iron, wiouglit 
troll ariu steel t Give the uses ot eaoh 


PAPER V 


1 What reasons lire thera to punyo that air is a ineehaiiioal 
smixlilie and not n ohotmeal compound ■* 

2 Disiinguia'i bptwpen (,x) iliemical and physiral ohnngss, 
(fi) elements and oompounde. (c) atiiTated and niiaatur ti d »i lutiiins 
[dj oxidalioii andituucuuii, (e) alloy and aiualgam Give example* 

3. Give the rhief propevties and uses of th« following motals , 
Gopprr, mercury, lead and tiu 

4 Descriha fully tha manner in ivhiob the breathing of anitnalt 
*nd plants effect the cotnpoaitioii of the air 

Carbon dioxide is passed In lime vrater (1) in email quantity, (J) 
in exosi-s DescriK the ch .ngea that take plare Wliat happsn* 
vyhen the solution in (2) 18 boded" 

5 Give a full account of the allolropio forms of carbon 

fl, Describe the preparation, properties and usee of sulphur 
■dioxide 'I Give exporimenta to show the reduoing piopeitiea of the 

7 Starting fioin the rrstalhc sodium, how may the following 
be prepared (o) caiist c n iia, {b) sodium curbonatp, (c) sodiuiB 
ibicarhonatc, (d) sodium sulphate 1 , 

What 18 the action of heat on (r) and of water on (o) f 


PAPER VI. 


1 Pour jars are given to yon containlna: nxygen, hvdrogan. 
nitrogen and carbon dioxide by chat eiptiiiutnte would joy 
distinguish those gases from one anothei t 

2 Explain ike fodowtng terms fiving exattples 



(i) CliemiGs! doaompoBittoa, (tr}, 
ytio agent, (ix) oxidising agent, («) 



3 Bow w phosphorus nbtained from Sonri, hreitsiAO' 
varieties Compare the phyaioal and i hemisiil properties of treBo 
two forinB. How will you flhow experimentally that these two forms 
are chemically identical ’ 


4 D-'Scribe a method and sketeh the apparatus for preparing 
carbon dioxide gas Bow can this gas be converted into carbon 
monoxide ’ 


Compare the physical . nd chemical properties of these two 
gases 

6 What IS meant by the solubility of a salt ^ 

t 

Describe with experimental details, how you would determin® 
the solubility of a solid in water 

20 CO of aoturated soution of epsora salt m water at20°C 
weighed 27 4 gms After evaporating the solution 7 2 gnis, of the 
salt remained Calculate the solubility of epsom salt in water at this 
temperature 

0 What different substances ran you prepare directly from a 
supply of sulphuric acid, manganese dioxide, sodium, chlorine, and 
petassium nitrate 

Explain the thrms (1) acid, (2) base, (3) salt, (4) solute, and 
( 3) crystal. Give examples of each 

7, Desortbe the composition, properties and usee of the follow- 
ing (a) washing soda (b) graphite, (e) lune, (d) blue vitriol 
(e/ brass 



k. 

'fiiWS, OF CHEMICAL COMBINATION. 


All chemical reactions are governed by certaiti 
laNss called Laws of chemical combination. The most 
important of these are briefly given below i — 

1. Law of conservation of Mass which stales 
that m a chemical change the total mass of the sub- 
stances undergoing the change lemams the same, 
This IS also known as the Law of Indestructibility of 
Matter. 

For an experimental illustration of this Law the 
Student IS referred to Expt. 10 and 1 1 m Chapter I. 

2. Law of constant composition which may be 
stated as follows t — 

A chemical compound always contains the same 
elements combined together in the same proportion 
by weight. 

The truth of this law can be tested m several 
Ways. Take the example of pure water We have 
already seen that pure water is made up of hydrogen 
and oxygen combined together in the ratio 1 : 8 by 
weight. Pure water whether prepared as m Exp. 65 
or obtained from any source m nature is always found 
to contain hydrogen and oxygen in the ratio 1 : 8 
by weight. Similarly copper sulphate from whatever 
method it is prepared always contains, copper 63 parts, 
sulphur 32 parts and oxygen 64 parts, by weight and 
so on, 
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It two ehtneiits combine u' torn' incie tb'n c>nt 
compound, the weitthts of one of the elements which 
combine with a fixed weight of the cther^ aie in sl 
simple latio to one another. Thus carbon combines 
with oxygen in two proportions to form two different 
compounds, carbon monoxide, and carbon dioxide 
It can easily be shown that for a fixed weight of oxygen 
in them there is twice as much carbon in the monoxide 
as ill the dioxide- Heie the simple ratio is 2 I, 

Sluaclurc of matter By suitable means alC 
kinds of matter can be divided tnlo small particles 
Stones can be ledueed to dust so fine that it can float 
on viatci A lump of non can be divided into ron 
hhngs Liquids can ee divided into tiny diops- These 
observations lead us to the conclusion that matter is 
made uo of very Small particles, called molecules. The 
molecul b can be fuither divided into smaller parUi.les, 
known as atoms. Scientists have shown that there 
arc 02 different kinds of atoms. Diffeient combina- 
tions of atoms give rise to molecules in the form of 
which all matter m the universe exists. 


SYMBOLS, FORMULAE AND EQUATIONS 

Symbol* To express the nature of a chemicall 
change, chemists use certain symbols. For each ele 
ment there is a symbol It consists of the first letter 
or the first letter together with another kttee of the 
English name of the element or sometimes of its Latua 
w Greek name. As for example, Hydrogen is denoted 
by H., Zinc by Zn., Poiassium by K (Torn its Latm 



/mbol denotes iVvO things (,i) 
itPand {li) the atomic weight of 
'Fdr instance S denotes the element 
■suliiTrar afta also one atomic weight oi sulphutr t.'i.i 
32 parts of^ sulphur. A list of the common elements 
considered, in this hook 5s given below *— 


(Alomte Weights given are otiSy approxttfiate) 


Elements 


Aluminium 

Antimony (sttbsuml 

Arsenic 

Barium 

Bismuth 

Bromine 

Calcium 

'Carbon 

Chlorine 

Cobalt 

Copper (ciipiuml , 
Florine 

Gold {Aiiruml 

Hydrogen 

Iodine 

Iron (Ferrum) 

Lead (Plumbum) 

Magnesium 

Manganese 

Mercury (Hydrargyrum) 

Hickel 

'Niirogeti 

0 x 1 gen 

Pboaphoru* 


Symbol. 

Atomic 

weight. 

, Ai. 

27 

Sb. , 

1122 

. As. 

7S 

. Ba. 

■137 

.. Bt 

209 

Br. 

30 

. Ca, 

40 

C ’ 

12 

... CL 

35 

. . Co. 

S9 

.. Cu. 

63 

.. F. 

•19 

> . Au. 

197 

... H. 

1 

. I. 

'127 

.. Ft. 

56 

... Pb. 

207 

... Mg, 

24 

.. Mn. 

55 

.. Hg 

200 

. . Ni. 

S» 

... N. 

14 

.. O. 


... P. ' 

»1 



Pliatinuffl 

Potassium (Kaliuni) 

Radium 

Silicon 

Sliver (Argentum) 
Sodium (Natrium) 
Sulphur 
Tin (Stannum/ 

Zmc 



. . Ra. I d2o 

. . Si, 28 

... Ag. 108 

. . Na. 23 

... S, 32 


Su, 

Zn, 


!14 

65 


Formula By wnting chemscaf symbols aiongside 
each other we can easily expiess what elements any 
given compound contains In fact a faimula is ^ 
group of symbols wh»ch stands foi one molecule of a 
substance and expresses Its atomic composition. The 
number of atoms of an element present m a molecule 
of a substance is expressed by a small figure written 
I'lst after the symbol. Thus H,0 stands for a mole- 
cule of water which is m’de up of two atoms of 
hydrogen, and' one atom of oxygen. Similarly one 
molecule of nitric aod HNOj contains one atom of 
hydrogen. The chemical formulae of the chief com- 
pounds used m this book are given in the following 
'^ablc 

Acids. 


Alkalies, 


Hydrochloric acid' 

HCI 

Sulphuric acid 

HgSO* 

Nitric acid 

HNO, 

Caustic soda 

NaOH 

Ammonium Hydroxide 

NH^H 

Caustic Potash 

KOH 

Calcium Hydroxide 

Ca (OH), 


Oxides. 


Chlorides, 


Nitrates, 


Sulphates. 


Sulnh.ir dioxide 
Sulphin trioxide 
Carbon dioxide 
Carbon Monoxide 

Manganese dioxide 
Phosphorous pentoxide 
Calcium Oxide 
Iron Oxide 
Capper Oxide 
2 me Oxide 
Mercury Oxide 

Sodium Chloride 
Ammonium Chloride 
Potassium Chloride 
Sliver Chloride 
Barium Chloride 
Mercurous Chloride 
Mercuric Chloride 

Silver Nitrate 
Cupric Nitrate 
Sodium Nitrate 
Barium Nitrate 
Potassium Nitrate 

Sodium Sulphate 
Barium Sulphate 
Magnesium Sulphate 
Copper Sulphate 
Calcium Sulphate 
Zinc Sulphate 


NH, 

SO~ 

SO3 

CO, 

CO 


Mil O,. 
P. 0 , 

Ca O^ 

Fe O, 

Cu O 
2n O 
HgO 

Na Cl 
NH, Cl 
K Cl 
Ag Cl 
Ba Cl 
Hg Cl 
Hg Cl, 

Ag NO, 
Cu (NO.) 
Na NO, 
Ba (NO,), 
K NO, 

NajSOi 
Ba SO 4 
Mg SOi 
Cu SO, 
Ca SO, 
Zn SO, 



Chemical Equations. Chemical cha»iges ais re^ 
presented by what are known as chemical equations. 
The substances taking part m a chemical reaction are 
placed on the left hand side and tVie products- of * the 
reaction are placed on the light hand side, the various 
substances on each side being connected by the sign 4-. 
Thus water is farmed by the combination of oxygen 
and hydiogen, and this is repiesented by the equation. 

2H,4-0, =2H,0. 

The above equation^ denotes that two molecules 
of hydrogen combine with one molecule of oxjgcn 
to form two molecules of water- 

The following chemical teacfion further illustrates 
the use of chemical equations. 

Potassium chlorate when heated produces potas- 
Slum chloride and oxygen. 

2K Clo,=2K Cl+30j, 

The preparation of hydrogen is repiesented by ths 
equation, 

Ztvf H,SO«- Zn + 

Again th® action of sodium on W»ter k rtprmnted 
by 2Na-f2H*0~2Na OHtH,. 




A chemical equiUon must be coriect both chemi- 
cally and arithmetically. 

In other words a chemical equation must express 
the nature and the composition of the substances 
taking part in a chemical reaction and also (ienote 
th'ir amounts Thus the equation Zn-h2 H Cl.= 
Zn Clj-hH, tells us two things. 

(i) The nature of each substance taking part 
in the ractions ; and • 

(,») 65 parts by weight of zme react with 72 

parts by weight cf hydrochloiic acid to produce 135 
parts by weight of zinc chloride and two parts by 
weight of hydrogen. 

Theie are a few points to be icmembeied about 
the use of figures in connection with chemical symbol*. 
The formula Coo denotes 44 parts of carbon dioxide. 
Suppose we wish to write a foimula denoting 132 parts 
of carbon dioxide. This may be done m two ways 
(») CjO, or (t>) 3 COj, the number prefixed to the 
formula applying to all the symbols in it. The second 
method is always used because it keeps the formula 
as simple as possible. Again the formula Hj O stands 
for 18 parts cf water ; 2 H 5 O stands for 36 parts, SHsO 
far 54 parts, and so on It must be remembered that 
fLactional numbers ate never used m chemical for- 
mulftc and equatii>»&. 


APPENDtX 


SCIENTIFIC HOBBIES. 

Of late a good deal of stress has been laid oil the 
subject of vocational training in schools and colleges, 
Several subjects have been suggested with their sylla- 
bus by va'ious authors. At present it is not possible 
for any one. school to take up more than a few hobbies, 
Scientific hobbies on a small scale can be successfully 
earned on m a school laboiatory, as they require 
simple apparatus, little capital and recurring expenses. 
These hobbies beside effecting some saving m our 
daily expenses, are sure to inculcate m us an interest 
and enthusiasm for small scale industries. A brief 
outline cf some of the simple, cheap, useful and 
teresting hobbies is given below. 

1 -INK MAKING. 

1. B\ut Black Fountain pen xnL t — 


Galls (Maju) . > . . ^ seer, 

Iron Sulphate (Hira kasis) . . J seer. 

Gum Arabic (Gond Kekar) , , i seer. 

Soluble Blue T. i lb. 

Water . . .12^ seers. 

Carbolic acid , . . . i oz, 


Process , — Soak the crushed galls in 2 Seers of 
water and let them ferment for a foitmght. Decant 
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process twice with the 
iafl" extract m a big ]ar Dis- 
EOlve ‘ powdmd Ciiim Arabic and Iron sulphate 
separately in a seei of water, filter and then add the 
solutions to the gall extract. 


Now add soluble Blue T, stii well and make up 
the solution to 12J seers. Leave it fot a day or two 
filter and then add to it carbolic acid. 


Bliie Black Ink Powdti at Tablets — 


Logwood extract . . 

Potassium Chromate {Lai Kahi) 
Gum 

Indigo Carmine {Nil) . . 


100 parts 
.. 1 part, 

... 20 parts. 
... 20 parts 


Powder and Mtx — For tablets press under a 
tablet making machine. 


2. Red Ink. — 

Gall extract (weak) 
R. R R. Red Colour 
Gum Arabic 


., 4 seers 
. . 2 cbhatanks. 
... 2 chhatanks. 


Process . — Dissolve the Dye and Gum Arabic m 
weak solution of gall extract filter and bottle. 


3. Oretn Fountaen Pen Ink . — 

Eosm 

Gum 

Spirit 

Distilled water 


... 2 o?. 

... 2 oz. 

... 20 os. 

., 100 os. 



Dissolve the colour in in 
gentle heat Then in a seoaratel 
gum in ^/ater and filter. Finally I'eat tlie cum -lola" 
tion and as soon as it begins to bo'l po ir in the lol nir 
solution in a thin stream with continuous stirring. 


Reference Book. —Manufacture of fnk— By 

Industry Book Depot, Calcutta. 


2 Soap making 


(rt) Wafhng Sonp — This can 
the following cold process — 

be prepared by 

Mohua Oil (Mowa ka tel) 

1 part 

Cocoanut oil (Naryal ka tel) 

. 1 part. 

Tilli ka Tel 

. 1 part. 

Wheat Starch — Maida 

. . 1 part. 

Soda lye (33°) 

2 paits. 

Water 

... part. 

Salt 

i part. 

Procedurt. — Mtlx. and mix well 

the oils and wheat 


starch. Prepare the caustic soda lye by aistolving 
caustic soda in water and allow it to cool. Add salt 
to water and mix it with soda lye. Add soda lye 
salt mature to the oil mixture. Stir the mass well 
with a wooden rod, till it forms a uniform pastry mass. 
Do not stir too long or the mixture will separate agau. 
Now pour off the pasty soap in wooden moulds and 
allow It to cool overnight, then rrmovc and cut it 
into cakes of desired saes. 


JV.B,— One seer caustic soda of 77* in 2^ seer* of 
water makes soda lye of 35°. 



Cocoa' .rai 'oil 
■' 'Mohiia oil 
Castor oil 

Caustic soda lye 37^''' 
Ware I 


16 seers, 
12 seers 
21 seers 
15 seers 
5 seers 


Heat the oils in an non vessel of sufficient capacity 
to a point when it produces smart cracking sounds 
on putting a few diops of water into it, and a little 
sprinkling of water produces foam. Now mix the lye 
slowly and stir it thoroughly. Put out the fire. If the 
oils were propeily heated the mixture will boil in a 
few minutes. When it calms down add to it 5 seers 
of water and stir it thoroughly. It will remove all 
defects fiom the soap. To impart a pale yellowish 
tint like that of sunlight soap add a bit of b.own 
colour into the oil before the addition of the lye. Now 
frame, cool and then cut into bars 

(6) ToiUt Moap.— 

♦ 

Mphua oil . . . 2| seers. 

Cocoa-nut oil . . 2| seers. 

Caustic soda lye 38° . . ■ 3 'ecrs 

(One seer of caustic soda in 2^ seers of water). 

Water . . . 3 chhatanks 


Heat the oils to a point when the mixture produces 
smart crackling sound on putting a few drops of water 
into It. Now mix the lye slowly and stir it thoroughly. 
Then put out the fire. If the oil is properly heated 
it will boil m a few minutes. When it calms down add 
to It 6 chhatanks of water and stir it thoroughly. Now 


add the desired colour, 
frames to cool. 

Precautions.— Caustic 
with hand as it is corrosive. Its solution should be 
prepared in iron vessels. 

For full information regarding various kinds of 
soaps the reader is advised to read the following 
Books . — 

1 Soap making by the cold process— published 
by the Government Printing Works, Madras. 

2 Manuf.tctuie of Soap— published by the 
Industry Book Depot, Calcutta. 



3 Soap making (saban sazi) in Vernacular — 
Published by Bharat Soap Company, Lahore. 


■ 3: — Washing & Stain Removing: 

1. Washing — Our fine fabric clothes are often 
spoiled by washer-men due to their ignorance or care- 
lesseness The charges of dry cleaning are so high 
that everybody cannot afford to get his clothes dry- 
cleaned, however, these clothes can be cleaned at 
home without much labour and cost. 


Silk garments —Take some Lux or sunlight soap 
and dissolve it in about a seer of hot water in an 
enamelled ‘ chilimchi ’. Add sufficient water to soak 
the cloth in it and rub it well, Repeat this process 
again and then wash the cloth in cold water, squeeze 
and dry. 



semi dry condition. 


^ — be washed like above tfc 
a teaspoonful of citiic acid and 
'o give lustre the clothes are ironed 


lfooZZi>K dotiifs.—l. Shake some powdered soap 
nuts (letha) in sufficient hot watei. Wet the woollen 
cloth with ordinary water and then wash it well m soap 
nut solution. If some spots are kft then repeat the 
process with f.esh solution. Now wash it with cold 
waters squeeze, dry and non 


2. Prepare soap jelly, by dissolving I part of 
sunlight or any neutral soap in 3 paits of water. 
Take a cupfull of this jelly and add to it | oz. of liquor 
■ammonia. Dissolve this m sufficient warm watci and 
then wash in it the wet woollen cloth. If some spots 
are Ufe then add more of soap j.liy and work it well, 
Now wash it with cold water and m a weak solution 
■of acetic acid or citiic acid. Wash again with ordi- 
nary water. Squeeze, diy in shade and iron* 

The following recipes of Dry cleaning fluids wili 
be found useful in washing silk and woollen clothes. 


Caibon tetrachloiide 

. 3 gals. 

Deodoiized cleanet’s naphtha 

-• 

Benzol 

. . 24 oz. 

Chloroform 

> . 2 „ 

•Or 

Diglycol oieate >. . 

. . 1 oz. 

Water 

. . 1 02. 

This solution is then dissolved 

in a solution 

Butyl cellosolve 

1 oz. 

Isopropyl alcohol 

• . 10 oz. 

Carbon tetrachloiide 

. . 14 OR 


Soap 
Ammonia 
Glycerine 
Methylated spirit 
Water 

Dissolve weighed quantity cf soap in boiling 
water, cool and them add the ingredients. Keep the 
mixture in stoppered bottles and use for washing after 
removing the stains Lora the gaiments. 

Stain Rpinoi ivq — Stains can be readily removed 
when fresh. On drying it becomes sometimes impossible 
to remove them without injury to the fabrics. 

While removing a stain make the stained spot cf 
the cloth ill a hoop and place immediately under it a 
pad of blotting paper or muslin. Mark the bourdaiy 
line of the stain with the reagent and then tub the 
stain with a httle quantity of the reagent. Repeat the 
process on both sides of the garment till the stain dis- 
appears, and then dry the cloth. Avoid the use of 
water unless absolutely necessary 


. d [>arrs. 


1 

2 

50 


Reagents for Common Stains, 

1. Od.— From cotton — Wash with 10% solution 

of soda ash or soap solution. 

From silk.— Wash with cola solution of ammonia. 

From wool. Wash with hot solution of ammonia 
or Benzene. 



Ammonia' solution 
grease ti'ea*’ the 
above 


spot well with carbon 
oil. Use the hot liquid 
Then wash w'lth ':oap and 
remove vaseline oi machinery 
with petrol and piocced as 


3 . hil {Bliio Bliek) —Cotton. — Treat the Spot 
avith 4% oxalic acid solutioiij squeeze and then tieat 
with 5% of Sadum hydrosulphite. If stain persists 
use hot solutions 

Silk -Fust boil witii 4% oxTic acid solution and 
then treat with 5% sodiim sublio-oxahte solution 
Repeat the piocess till stain is removed. 

4 f tirmenc. — Cotton —Wash with hot solution 
of soda ash or soap, 

Silk. — Wash with dilute annmonia and then with 
water. Now treat it with 1% potassium peimanga- 
nate solution squeeze and then put it n 8% sodium suh 
phite solution. Wash w«th water and allow' to dry. 

5. Blood, Wash the stain with 5% oxalic acid 
solution, then with 1% potasfium permanganate solu- 
tion and finally with 8% sodium biiulphate solution. 
Blood stains on silk garments are difficult to remove. 

6. Belel (Pdw) Stuine , — Wash with mustard 

(kanjee) water. ' 

7. Paint or vainish — Wash with turpentine oii 
«r spirit, or w eck. solution of sodium bisulphite. 




8. Boot Poijsh 

of Turpentine oil. 


9. Imn Eva '. — Rub the sum with o h iiot ac!*' 
tion cf oxalic acid, then treat it v.r'i 1‘,, .su’ucn tl 
bleaching powder and acetic acid. Wash with waterj 
and diy. In case cf silk oi wool garments wash thw 
stain m oxalic acid and 5% sodium bisulphite solu' * 
tions. 


10. Fmif Jm^es . — Wash with water and then 
proceed as in 9 above. 

11. Iodine . — Remove with spirit or 5% Sodium 
thiosulphate (Hypo) solution. 

12. SihiT nUrate — Wash with 5% Potassium 
cyanide solution, then wtth soap water. 

13. Tea, Coffee or Mtlk. — ^Work the stain m 
S% borax solution 

4 Scented & Medicated Hair Oils.' 

Note — {Namea are tn vernacular.) 


'Mendhi' Leaves . . 2 chhatanks. 


'Kah Chaie' 

• 1 

Tej Pat 

. . 1 

Hau Ber j 

. . 1 „ 

Panri 

... 1 „ 

Sandal Powder 

. 2 „ 

Brahmi Buti 

... 1 Tola. 

Triphh (Harar, Behera & Anwala 

... 6 chhatanks. 

Oil (TiUi od or Sesame oil) 

... 2 seers. 

Water 

... 1 seer. 



m the ab^ve ingredi- 
r night. Now add the 


lofwiter. Filter Dll and 
green for anwala hair oil or 
.l-atan , < ' ' ' ' oil. Then add to it chypar. 

pnwalaf lose or moubari scents as required* 


S . Cosmetics. 


^i'awshmg Cveam — ■ 


Steanc acid 

Water »». 

Borax (Sohaga) 

Potassium hydroxide (Caustic potash) 
Glycerine 


S oz. 
56 OZ.V 

1 oz. 

^ OZ, 

2 oz. 


Melt steanc acid la 40 oz. of warm water. Dissolve 
borax and coustic potash in 16 oz- of water, waim and 
then mix in it steanc acid water. Stir the mature 
well and then add to it glycerine and the required 
scent. 


Gold Cream. — 


White Wax *,1. VfcV 

Spermaceti * t ■ 

Oil of almouds (Badamon ka tel) 
Rose water ... ... 


... 1 oZ, 

... 1 oz. 

... 8 oz. 

... 4 oz. 


Melt the Waxi, spermaceti and oil of almonds in an 
tSarthen vessel and when nearly cold stir in gradually 
4oz. of rose water. 


Brilliantmi, - 4 

m. 

■ 

White vaseline 


Oiive oii (Tel zctcn) 

.. 

. L' d' 

Yi How vasline 


V.. 1 dr. 

Haid parafiinc 


.. 1 dr. 

bi fit rose 


6 inasha 

Melt va:;«Iine, piraffin and oil, add scent and 

bottle 



Pornadr , — 



Sp'nmaceti . 

' 

. 2 oz 

Castor oil 

, 

4 02. 

A!' ohol 


4 oZ 

Oil of beigamofte 


. 1 di. 

Oil cf neioli . 


• 30 nuns. 

Oil of cloves 


10 nuns. 

Mtlt the speimaceti, 

, add the 

castor oil and then’ 

the alcohol m which the 

essential 

oils have been pre- 

Moufly dissolved. Fill 

in pots 

and .illow to coof 

Withcut siiinng. 



Face Powder. — 



2inc wlnte (]ist) 


. 100 grants. 

Tale (soap stone) 


... 200 „ 

Violet root powder 

« •* 

o 

o 

Rice Starch ... 

• b V 

... 500 „ 

Extract of jasmine 


.. 15 „ 

Bergamottc oil 


, 0-5 „ 

Rose oil 

• <« 

... 0'i3 „ 

Yling-yhng .. 


... 1-0 „ 

Musk tincture 


5 „ 
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Q. 5, («) How may metals be distinguished 

£iom non-metals 

(h) What IS an alloy and in what respects does 
It differ from the metaL of which it is formed 1 Name 
three alloys and the metals of which each is composed. 

Q.Q. (") Describe an ordinaiy voltaic cell, (b) 
Explain cleaily why such a cell gives a weaker current 
than a Bunsen's cell; (/5^ Is it absolutely necessary to 
use a zinc plate in all kinds of cells ? 

Write an essay on the uses of an electiic current 

Q. 7 (a) State the iinpoitant propeities of a 

magnet. 

(b) Can a copper wite behave like a magnet ? 
If so, under what condition ^ 

I'dlH 

Q. 1 What do you understand by the terms 
"Chemical combination", "Chemical decomposi" 
tion" and “Chemical afhmty ? " Give examples to 
illustrate your answer 

Or 

(а) Distinguish between organic and inorganic 
compounds. 

(б) What IS aliotiopy ^ Illustrate your answer 

with reference to the allotropic modifications 

of carbon. 

'' Q. 2. Describe with full piactical details, the pre- 
paration of hydrochiotic acid in the laboratory. What 
IS the action of this acid on — (") Common salt, (6) 
Manganese dioxide, (c) Sodium caibonatc and [d) 
Copper ? 
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Three beaters contain sol'itions of : — 'a) ccippif 
sulphate , {h) sodium chbiiJe and (c) potassium niTate 
resp' cti/elv. Whit experiments woul 1 you pcJ'orm 
to d't-tei'mme the contents of each beaker 

Q. 3, Describe what happens when loll sulphur is 
heated in a test tube. What different varieties of sul- 
phur exi'.t, how are they piepaied and what aie their 
pioperties 

Or 

HoW may sulphur dioxide be prepared ? Describe 
Its impoitant propet ties and uses 

Q, 4 Describe what happens and name the pro- 
duct or products faimed when - 

(o) Excess of carbon dioxide is p-assed throufth 
lime watei 

{h) Hydiochbiic acid is added fo a solution of 
caustic soda, 

(r) Tion IS dissolved in dilute stilphuiic acid. 

(d) Conccntiated sulphuric and acts on phos- 
phorus pcmoxide 


Or 

Give the composition, properties and uses of the 
following : — 

(u) Gypsum : (6) Limestone, (c) Glauber's salt, 
(4) Nitic- 

Q>- 5 Enurneiate the important properties and 
uses of any llina of the followmij -mercuay j Z.nc ; 
lead ; tu ; and non. 
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Describe the ptrpdiaUoii, on a 1\ gc, ‘icnle, pio 
peitiesj iitcl uses of caustic soda. 

Q. Q. What is Ma'-inei's Coiiipars ^ Explain 
briefly the constiucuon and u'le of this instrument. 

Q. 1. (o) Explain what is meant by •.—(«) elec- 
fiC induction, and (ti) clectiic’ attiULtimi ard icpnl 
S-On 

[h) What are conduciois and iiisulatoit, 

To which class do the folloui g b^biig : — 
Human body ; glass rod ; and metal ; and wood. 

1939. 

L Describe the foUoiwing, pioctsaes and give 
examples cf then uses •- 

[a) crystallization , (h) sublunatiun , and (c) dis- 

tillation. 

Or, 

Draw a diagiam cf a candle flame. Describe its 
different parts. Show the hottest zone. 

What IS the effect of blowing sir into tlie flamt 
through a blow-pipc ? 

II. (o) Desciibc, with full practical details, 
the piepaia lan of nitiic acid in the hboiatory. 

(b\ What 13 the chemical action of sulphuisc 
acid on ; — i) zuic, (w) coppei , (ns; sodium chloride 
and (»u; sugar ? 

Of. 

Ihere ure four bi-akeis coiiiaming solutions of i — 
•{a.) caustic soda ; [b) caluom hydioiude ; (c) hydro- 
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chloiic acid ; and (d) nitric acid. What expiinments; 
would you peiforni, to detcimine the contents of each 
beaker ? 

III. Name the usual impurities m the following i 
(o) rain water (h) mineral water ; (c) hard water ? 
and (d) sea water. 

Describe the electrolysis of water. 

Or, 

How may chlorine be piepaied? Give its mi" 
portaiit piopeities and uses. 

IV. Descube the chemical action of — (rt) 
sodium on watei ; (A) mine acid on coppei ; (r) lime on 
a solution of sodium carbonate ; (d) hydrochloric acid 
on maibk* 

Or, 

Give the composition, uses and properties of the 
following — 

(o) potassium chloj.ite, (6) slaked lime ; (c) amnioma 
and (d) sulphur dioxide. 

V. What do you understand by an element, a mix 
ture, and a chemical compound ? How would you 
classify the fallowing diamond ; icecream; chalk; 
sulphur ; gunpowder ; and brass ? Give reasons for 
your answer. 

Or, 

Write a short essay on the different forms of carbon 
and then uses. 

VL Describe the various methods of making 
magnets. 

VIl. (a) Desciibe the action of eketrophorus. 
(h) How wwild you set up a Daniell cell ? 



Uaivevsity Syllabu® on Chemistry — 1941-42 

Pliysical and (hemical changes. Elements, com 
pounds, and mixtutes, metals and non-metals. Chemi- 
cal comb ina lion and decomposition. 

Solution, decantation, filtration, evaporation, 
distillation, .Saturated Solution, Ciystals, Crystalliza- 
tion, Sublimation, Composition cf air, Oxygen. 
Nitiogen, Impuiitics of an. Deliquescent bodies, 
Air a raixtiiie. 

Chemical affinity, prcpamtion of Oxygen, its pro 
perties and uses. Oxidation, reduction, combustion. 
Parts of a candle flame. 

Hydiogen, its piepaiation and properties. 

Water, its pioperties and composition by ehetro- 
lysis. Ram, spiing, mineial, and sea-waters ; hard and 
soft wateis. Softening of hard wateis 

Organic and inorganic compounds. Allotropic 
foims of Carbon, Coal, breathing. Burning of a 
candle. Action of plants on COj. 

COo, Its preparation, pioperties and uses. Lime- 
stone. Lime and slaked lime. Foiras of Calcium 
Carbonate and Calcium Sulphate. 

HCl, Its preparation and properties. Chlorides. 
Sulphur. Its varieties, effects of heat upon it in a closed 
vessel and air, SO 2 , and its properties. Sulphuric Acid, 
Its properties and action on metals. Sulphates, 
Phosphorus—red and yellow, matches. * 

Nitiic acid. Its preparation, properties and uses 
Nitrates, Distinction between HCl, H;SOj and 
HNOv Ammonia and its Properties. 
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Ores and Metals. Alloys and Amalgams. The 
more impoitanf salts cf Sodium and Potassium. 

Properties of the following metals i Copper, Mer- 
cury, Sil/er, Zinc, Lead, Tin, Iron and Alumioium. 

Prafticnl ClipmiMtiy .' — Acquaintance with simple 
chemical manipuhtion, as solution, filtration, decant- 
a'ion, crystallization, distillation. 

To fit up an apparatus to demonstrate the com- 
bination of oxygen of the atmosphere with iron. 

Code boring ; cutting, bending and di awing out 
of glass tubing and glass rod. 

The preparation and propeities of oxygen and 
hydrogen 

The distinction between acids and alkalies. 

To neutralize an acid with an alkali vice versa. 

A study of the zones in a candle flame. 

The products of combustion as illustrated by the 
^'burning of a candle. 

To distinguish between hard and soft waters and 
to soften hard water. 

The action of heat on coal to show the production 
of coal gas. 

The preparation and properties of carbon dioxide, 
hydiochloric acid and nitiic acid. 

Test foi hydiochloric acid, sulphuric acid and nitiic 

- acid. 

The action cf heat on sulphur. 

To prepare monochnic and pbstic forms of sulphur. 
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L Dssciibc the preparation, the p»opertiPS and 
the uses of oxygen, 

<h 

Write what you know of the oxygen cycle m 
nature, and explain oxidation and itdfction ? 

II. How IS caibon dioxide piepared ? What are 
Its properties .and uses ? 

Or 

What IS the difference between 

(a) Limestone, {h) Chalk, (c) Lime, (d) Slaked 
lime, (f) Gypsum, (() Plaster cf Pans, (r/) Piecipitated 
chalk, and (h) Met tar ? 

III. Describe tlie prcpaiation, the properties, and 
the uses of HCl 

Or 

What IS the action of HCl on : — 

(o) Zinc carbonate, (6) potassium permanganate, 
(<■) sodium sulphite, (d) iron filings ? 

IVi Describe at least four chemical properties 
of : — (u) Zinc, (6) AlLiminuim. 

Or 

What is the difference between : — 

(u) A physical and a chemical change, (?-) metals 
and non-metals, (r) amorphous and crystalline, (d) red 
and yellow phosphorus ? ' 

V. Wnte a short essay* on coal; describing ita 
uses and the products obtained Lorn, it, 

Or , . • ' 

(a) How IS lead obtamed from its ore ? 
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(b) Give the uses of lead 

VI. Wiiic a short essay on sulphur and I'u 
vaiietrs, and desenbe the effect of heal on M in au, 
and tn a closed vessel 

Vn Describe the chemical action of 
(o) Lime on arnmoiimin chloride 
(6) Potassium on water 

(c) Manganese dioxide on HCl. 

(d) Coppei filings on concentrated sulphuiic acid 
(s) Sodium caibonate solution on zme chioitde 

solution. 

(/) HC! on sodium suiphile. 

(! 7 ) Caustic Soda on zinc 

(h) Cone, sulphuric acid on soilmin rhloncle 




